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ABSTRACT 
Cortisol patterns differ across both socioeconomic status and racial minority groups. 
Yet, whether the underlying constructs that are used to measure socioeconomic status 
impacts the output of cortisol differentially across racial groups is unclear. Using a secondary 
data analysis from the Parents Who Care longitudinal study, which integrated the biomarker 
cortisol as youth entered emerging adulthood, the goal of this thesis is to parse apart the 
common conflation of income and education into a single catchall variable. 
The following data was collected in 2 waves from a group of youth who were 
(M=20.24; R=18.51-22.89) years of age and again approximately two years later (M=22.05; 
R=20.45-23.87). Data used in this study was pulled from self-reports of educational level, 
youth income, and household income collected from youth in both waves.  
Results showed a main effect of household income (β = .142 p = .017) and a race 
effect on the diurnal slope of cortisol (β = .041 p <.001). For the longitudinal trajectory there 
was a significant effect of household income (β = -.226 p < .005). Youth income showed a 
significant effect on of diurnal cortisol (β = .010 p = .025) as well as an interaction of income 
and race on diurnal cortisol (β = -.013 p =.039).  
Our findings suggest that it is not only race or income alone that influences cortisol, 
but instead an interaction between the two that also influences waking cortisol and its diurnal 
slope. Furthermore, these patterns can differ between White and Black youth not only 
depending on their income or racial group but also on longitudinal changes of income and 
education over time.  
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CHAPTER 1.  INTRODUCTION 
Some studies have found diurnal cortisol differences between racial groups (DeSantis 
et al. 2007). These differences may be due to variations in experiences of socioeconomic 
status (SES) (Hajat et al. 2010). Variables related to SES such as income, education, and race 
contribute to diurnal cortisol rhythms in both adults (Bennett, Merritt, and Wolin 2004) and 
youth (Cohen et al. 2006). However, these studies do not fully disentangle which aspects of 
SES best predicts diurnal cortisol outcomes or whether these variables influence diurnal 
cortisol patterns differently across races. Despite a narrowing of health disparities over time 
(Barr 2014; Case and Deaton 2015), race and SES continue to be highly correlated (David R. 
Williams, Priest, and Anderson 2016). Models and studies where SES are similar across 
races are needed for the field to gauge whether race or SES can independently account for 
variability in diurnal cortisol.  
The conflation of race and SES illustrates the difficulty in determining whether race 
or income is the primary factor influencing cortisol. One way of addressing this is by 
studying groups experiencing change in socioeconomic characteristics which accounts for 
change with-in each individual’s own financial and social status while controlling for race. 
During the transition into early adulthood many youths begin gaining financial independence. 
For some groups this may mean an increase or decrease in income. For other groups there 
may be little change at all. By observing these patterns in relationship to diurnal cortisol we 
can understand whether the “wear and tear” of stress caused by socioeconomic change 
impacts individuals differently by race.  
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Answering whether indices considered as a part of SES have the same effects on 
different racial groups is important when research attempts to explore between racial group 
differences.  
When considering biomarkers that explore stress, variables such as race are often 
relegated to controls or tabled in demographic description of a sample without further 
statistical or conceptual consideration. Furthermore, education and income are often 
collapsed to produce a catch-all variable of SES which raises further challenges in 
disentangling socioeconomic variables from racial predictors by making it difficult to tell 
whether specific aspects of SES are impacting health and stress outcomes differently. 
Analysis that focuses on whether SES (a predominantly social construct) or race (arguably an 
intrinsically biopsychosocial construct) (Kawachi, Daniels, and Robinson 2005) are the 
driving cause of stress outcomes may be ignored or masked. Furthermore, financially 
homogenous racial groups mean that researchers are often unable to explore with-in group 
differences that may be driving causes in between group analysis. The goal of this project is 
to explore whether socioeconomic variables can be parsed apart from race when using 
cortisol as an outcome.  
This thesis draws from biopsychosocial theory as a guiding framework because, at its 
core, this theory is transdisciplinary and posits that biology, psychology and social indices 
are inseparable. Biopsychosocial theory may be used to account for gaps in our current 
understanding of the interplay of race and stress. This model suggests that neither cellular 
structures nor psychological behaviors can be fully understood without characterizing the 
systems that surround it (George and Engel 1980). This would establish, such as in the case 
of race and SES, how surrounding social structures view that person, the culture of the 
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individual, and the biological differences that exist beneath the skin may all play unique roles 
in how stress outcomes manifest. This theory would support that any outcome being 
predicted by race should also attempt to encompass the multiple layers that make up racial 
construct. This makes the Biopsychosocial theory an ideal framework when attempting to 
look at how racial and socioeconomic differences influence stress.  
Two mid-level theories or models that may help contextualize the importance of 
understanding differences in race and SES in relation to cortisol outcomes are the Adaptive 
Calibration Model (ACM) and Allostatic Load. The ACM posits that individuals, especially 
children, are adaptive in their stress response and differences can be considered as 
calibrations or adaptations to their environment (Del Giudice, Ellis, and Shirtcliff 2011). This 
approach ensures the best “fit”, from an evolutionary standpoint, for an individual's stress 
response system to their environment rather than a single optimal stress response system for 
different individuals (Del Giudice, Ellis, and Shirtcliff 2011). This theory may explain 
differences in diurnal cortisol activation whereas flatter, or as considered by many less 
healthy (Dmitrieva et al. 2013), diurnal cortisol indicates a low level of sensitivity to the 
hormone as an adaptive approach to harsher environments. In contrast, more reactive cortisol 
and flexible diurnal rhythms may be conductive to lifespans that are less tempestuous. 
Allostatic Load is a model that is also rooted in evolutionary psychology, but which 
emphasizes that the short-term adaptations to stress may come at a long-term cost. Chronic 
exposure to either long-term heightened stress or extreme fluctuations of stress creates “wear 
and tear” in which adaptiveness is still gained, but at the price of health risks and chronic 
disease (McEwen and Stellar 1993). 
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When socioeconomic variables shift it brings change to an individual's environment. 
An example might be moving into a racially homogenous environment when beginning 
college or moving to a location with a lower or higher income average then what an 
individual was raised in. This may make previously calibrated diurnal rhythms impractical 
for new social contexts that come along with such a move. It may also cause new types of 
stress and potentially place an individual in an allostatic state. However, these same diurnal 
patterns may prove helpful for young adults moving towards independence and novel 
challenges.  
This makes both the ACM and allostatic models important considerations when 
gauging changes in diurnal cortisol patterns. Examining groups of individuals exposed to 
different levels and types of stress can help advance understanding of how stress may affect 
biological outcomes across people from varying backgrounds. Unfortunately, especially for 
the most stress-exposed groups, collinearity in economic status and race are difficult to 
disentangle because many individuals are exposed to multiple types of stressors  directly 
related to  both SES and race (O’Brien, Tronick, and Moore 2013). Regardless of the 
challenges and the within-individual variation in SES, across emerging adulthood, it is 
nonetheless important to document how these changes occur and whether that trajectory 
impacts race groups differentially. 
The current study will explore race, income, and education to disentangle possible 
differences in how these mechanisms influence diurnal cortisol rhythms in young adults 
over-time. Specifically, we chose to look at Emerging Adults because of socioeconomic 
variables (and changes in SES over time) typically experienced by this age group. Emerging 
adulthood is an important stage in life marked by neurological/biological changes (Laurent 
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and Powers 2007; Sladek et al. 2016; Dahl 2004) , unique financial statuses (Jorgensen et al. 
2017; Worthy, Jonkman, and Blinn-Pike 2010; Gutter, Garrison, and Copur 2010), and social 
home life circumstance (Jeffrey Jensen Arnett 2007; Molgat 2007) exclusive to the 
developmental stage. Yet even though bodies of research show that emerging adulthood is a 
distinct period in development (Jeffrey Jensen Arnett 2007; L. J. Nelson and Barry 2005) 
little is known about how stress is manifested through SES and racial status during this time.  
To frame this research, I will provide a background literature review that explores 
several important topics. First, this paper will assess these relationships by first giving an 
overview of the steroid hormone cortisol, which will be used as our measurement of stress. 
Next, I will elaborate the theories informing the current research to provide a framework for 
our model. I will then highlight why emerging adulthood is an important transitional period 
for measures of stress, cortisol, and variables of SES alongside why it is essential to look at 
these changes over time. Details are then provided about the relationship between cortisol 
and psychosocial variables of interest – including measures of variables that make up 
socioeconomic status as well as race. Throughout this thesis, I will place these variables in a 
broader framework that considers the implications of this work. We will accomplish this by 
providing a running review of psychophysiological outcomes of these relationships and how 
they inform the health of individuals in emerging adulthood status. 
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CHAPTER 2.  CORTISOL 
What, Exactly, is Cortisol? 
The behavioral effects of cortisol are highly influential due to its production and 
release as a response to environmental stressors. These include both physical (Hill et al. 
2008; Zimmer et al. 2003) and psychosocial (Hellhammer, Wüst, and Kudielka 2009; 
Clemens Kirschbaum, Pirke, and Hellhammer 1993) stressors which cause the activation of 
the hypothalamic-pituitary-adrenal axis (HPA) to the mediation of the stressful event.  First, 
the stress response system is initiated in the brain upon activation of the limbic neurocircuitry 
and other emotion-related structures. In response to this activation, the hypothalamus 
produces corticotropin releasing hormones (CRH) which then stimulates the production and 
release of adrenocorticotropic hormone (ACTH) from the anterior pituitary gland (Tsigos and 
Chrousos 1994). ACTH then stimulates the secretion of glucocorticoids from the adrenal 
glands (Munck, Guyre, and Holbrook 1984). Unlike the autonomic and parasympathetic 
stress response systems, HPA activation is a slow cascading process that occurs over minutes 
and hours (Herman and Cullinan 1997) and exerts an physiological impact on the body for 
hours (Herman et al. 2016) to years (S. J. Lupien et al. 1998; Sonia J. Lupien et al. 2009; 
Essex et al. 2002; Shirtcliff and Essex 2008) . 
The impact of cortisol has largely been described from a metabolic and physiological 
perspective. Cortisol is a glucocorticoid class of steroidal hormone that is known for both its 
relationship with catabolic functions related to carbohydrate metabolism (McMahon, Gerich, 
and Rizza 1988) and the activation of stress response system on a diverse range of target 
organs, including the brain (Dedovic et al. 2009). In humans, cortisol is the most abundant 
glucocorticoid and effects physiological functions such immune suppression (Stites, Bugbee, 
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and Siiteri 1983)  and insulin release (Barseghian, Levine, and Epps 1982; Kindermann et al. 
1982) . Though both catecholamine and CRH are released in response to stress, only steroid 
products of the endocrine system cross the blood brain barrier (Pardridge and Mietus 1979). 
Because of this and because there is an abundance of glucocorticoid receptors located in the 
brain, cortisol is highly influential on neural activation and, consequently, behavioral changes 
(Kalin et al. 1998; Peper and Dahl 2013; Buss et al. 2003). Unlike epinephrine, which 
activates characteristics needed for the immediate response to stressors (i.e. increased blood 
and oxygen flow to tissues by way of sympathetic nervous system activation), cortisol’s slow 
and long-lasting effect on the hypothalamus is, through the process of negative feedback, to 
shut down the effects of a prior stressor on the HPA axis cascade (Reader et al. 1982; 
Liberzon, Krstov, and Young 1997). This makes cortisol an ideal biological marker of 
behavioral changes due to stress. 
Cortisol is released in response to a wide range of acute physical stressors, such as 
exercise (Hill et al. 2008) as well as social stressors that may include situations such as 
giving a speech (Clemens Kirschbaum, Pirke, and Hellhammer 1993), being separated from a 
caregiving during infancy (Megan R. Gunnar et al. 1989), or being placed in a novel 
environment (M. R. Gunnar, Gonzalez, and Levine 1980). These types of responses are 
considered cortisol reactivity. Cortisol is also released throughout the day, with cortisol 
levels being high upon awakening and peaking approximately 30 minutes after through the 
cortisol awakening response (CAR) which is thought to test the flexibility or elasticity of the 
HPA axis on a daily basis (Chida and Steptoe 2009; E. Fries, Dettenborn, and Kirschbaum 
2009). Cortisol then gradually falls throughout the day until reaching its lowest levels right 
before bed (Edwards et al. 2001; Born and Fehm 1998). This process is cortisol's circadian 
8 
diurnal rhythm and occurs in all humans with variability being found in waking or basal 
levels, the awakening response (CAR), and the fall of cortisol through the day (cortisol 
slope). 
Higher release of cortisol may be an indication of the intensity of the stressor or the 
perception of the stressor (C. Kirschbaum et al. 1995). During the response to a short-term 
stressor, cortisol is responsible for returning the body to a normal state or homeostasis. 
Variability in responses to reactive cortisol have been shown, for example, across age 
(Strahler et al. 2010), race, (Hajat et al. 2010; Cohen et al. 2006; DeSantis et al. 2007), 
physical health (Sephton et al. 2000; Wrosch et al. 2007), mental health (Staufenbiel et al. 
2013; Shirtcliff and Essex 2008), and income (Serwinski et al. 2016). Prior exposure to a 
stressor may also affect reactive cortisol by altering the HPA-axis’ negative feedback system 
(Herman et al. 2016) or by altering cortisol’s receptors in the brain (de Kloet, Joëls, and 
Holsboer 2005). Furthermore, the effects of long-term exposure to stress may cause more 
long lasting changes in cortisol reactivity through, for example, epigenetic regulation of the 
stress response system via methylation of glucocorticoid receptor genes (A. R. Tyrka et al. 
2016; Audrey R. Tyrka et al. 2012) or other stress responsive genes (Janusek et al. 2017; 
Lam et al. 2012). When the HPA system is repeatedly and frequently activated to dampen the 
effects of wear and tear on the body caused by continuous mitigation of stress, the HPA axis 
may tune itself to have a higher threshold for activation of system that causes stress 
(Liberzon, Krstov, and Young 1997). Exposure to chronic stress may cause a buffering or 
blunted effect on instances of acute short-term stress (McEwen 1998).  
One way to observe the longer-term state of cortisol on the body is through diurnal or 
daily cortisol changes throughout the day. As with reactive cortisol, diurnal rhythms are 
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affected by both biological and psychosocial influences (van Eck et al. 1996; C. Kirschbaum 
et al. 1995). Unlike reactive cortisol, diurnal rhythms may be able to indicate the overall 
balance of homeostatic state of cortisol and give an indication of the long-term stress of an 
individual through its ability to indicate both the rhythmicity and flexibility of the HPA axis 
(Ockenfels et al. 1995). According to allostatic load  (McEwen 1998) and related theories of 
stress dysregulation (Siever and Davis 1985), flexibility and rhythmicity are key components 
of a regulatory system such as the HPA axis, although flexibility may be sacrificed first so 
that the individual can maintain (and potentially return to) well-regulated rhythmicity 
(Skinner et al. 2011). Thus, higher (or lower) waking levels (E. Fries, Dettenborn, and 
Kirschbaum 2009) and blunted change in cortisol through the day may indicate chronic 
responses to stress which, over time, results in reduced physiological flexibility and 
rhythmicity. In sum, cortisol is an ideal biomarker when observing both acute and long-term 
stress.  
How is Cortisol Measured? 
Saliva, urine, hair, and blood are the materials most used to measure cortisol in 
humans. In early studies serum/blood was considered the standard means of cortisol 
measurement (Aardal and Holm 1995) because serum/blood has an ability to capture total 
cortisol (cortisol bond to binding globulins) (le Roux et al. 2003). Serum cortisol levels are 
substantially higher than other biofluids because 80-90 percent of cortisol is bound to carrier 
proteins such as albumin or cortisol binding globulin which allows the steroid molecule to 
flow through blood. However, it is only the small fraction of cortisol that is unbound that is 
capable of entering the cell to influence gene expression or to pass through the blood-brain-
barrier to influence neural activation. Unbound cortisol fluctuates independently from total 
cortisol because levels of binding globulins can also fluctuate. This makes free cortisol an 
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ideal index of biologically active cortisol levels. Furthermore, blood extraction is the most 
invasive form of cortisol sampling which can cause a stress response just through sampling 
(Marceau et al. 2014; Marceau, Dorn, and Susman 2012). Hair collection is far less invasive 
and corrects for variation due to daily fluctuations in stress by tracking changes in cortisol 
patterns over month long periods of time (Wang, Moody, and Shirtcliff 2016). However, this 
cumulative long-term integrated cortisol levels obtained from hair do not allow for the 
observation of daily changes or fluctuations in cortisol levels. A similar drawback is present 
for urine, which is a non-invasive measurement of free cortisol, which indexes a cumulative 
cortisol score across, most typically, a 24-hour period (Mericq and Cutler 1998). Moreover, 
urine sampling may still be considered mildly uncomfortable for participants and researchers, 
and the measured cortisol is less reliable than other biofluids because it is metabolized in the 
kidneys prior to urination. Therefore, the field has shown that for the past 20-25 years, saliva 
has become the most ideal noninvasive sampling method for multiple collections needing to 
take place at specific time points throughout the day because saliva captures the biologically-
active “free” cortisol component, is noninvasive, allows for repeated samples, and collection 
can take place in a variety of settings including the home context by participants themselves 
(Miočević et al. 2017). The current study, therefore, used saliva collection to obtain cortisol 
measures.  
Much of the variability in cortisol studies does not come from the particular biofluid, 
but rather when (and where) samples are collected.  Laboratory tasks have been designed to 
elicit stress responses across different stages of development to produce a reactive 
measurement of cortisol. In infants, the Strange Situation Task separates children from their 
caregiver while placing them in a novel situation and is frequently used to cause an HPA axis 
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activation in young children (Megan R. Gunnar et al. 1989; De Haan et al. 1998). In older 
youth and adults, the Trier Social Stress Task utilizes a combination of social evaluative 
threat and a mathematical challenge to elicit a stress response (Phan et al. 2017; Clemens 
Kirschbaum, Pirke, and Hellhammer 1993). Outside the lab one of the earlier observations of 
HPA activation involved measuring the cortisol levels of military parachuting teams leading 
up to and on their jump days (Hare, Wetherell, and Smith 2013). More recent studies have 
shown that jumping from a plane successfully causes a stress response in participants 
regardless of whether they had previous experience with parachuting (Meyer et al. 2015). 
This makes reactive cortisol measurements, whether in or outside the lab settings, dependent 
on the ability for each task to elicit a stress response across participants with many different 
personality and temperament types.  
Linear diurnal cortisol is measured by obtaining a minimum of two samples (best 
practice minimum of four samples for quadratic findings) over each day to track individual 
differences in changes of cortisol between waking and bedtime and the naturalistic stressors 
that impact that day’s rhythm are thought to influence diurnal variation (Adam et al. 2006; 
Telford et al. 2012). Diurnal cortisol rhythms are measured from waking to bedtime and are 
indications of the rise and fall of cortisol throughout the day. Diurnal cortisol rhythms are 
also subjective to day to day variations of stress levels and, within women, menstrual cycles. 
This makes it ideal to collect samples across multiple and coinciding days when using diurnal 
cortisol as an outcome measure. In humans experiencing less stress, there is a sharp rise in 
cortisol immediately after waking that last approximately 30 minutes before steadily 
decreasing throughout the day to its lowest point just before bedtime. Steep patterns in 
diurnal rhythms are indications of a normative rise and fall of cortisol, whereas flattened 
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pattern are indications of cortisol either not showing a steep rise or rising and staying 
elevated throughout the day (Edwards et al. 2001). Diurnal cortisol measurements are a 
useful indication of chronic stress exposure over longer periods of time. 
 Why does Cortisol Matter? 
Chronic stress can cause many instances of physiological and mental health 
disparities throughout the life. Neonates who are exposed to high levels of stress during 
gestation are at risk for structural malformations -such as heart defects and small head sizes-, 
higher rates of low birth weight, and preterm delivery (Mulder et al. 2002). In adults, chronic 
exposure to stress can lead to hormonal over tasking of the body. This can lead to disease 
outcomes such as coronary heart failure, obesity, diabetes, metastasis of cancer cells and 
depression (McEwen 1998). In adolescence stress, depression, and adversity is linked to 
early menarche in young girls (Chisholm et al. 2005; Zabin, Emerson, and Rowland 2005; 
Trépanier et al. 2013). Cortisol is also linked to behavioral issues ranging from callous and 
emotional traits (Shirtcliff and Essex 2008; Shirtcliff et al. 2009; Johnson et al. 2014) to 
anxiety in adolescents (Van den Bergh et al. 2008; Schiefelbein and Susman 2006). This 
makes stress exposure a factor that can affect healthy development at every stage in life. 
Diurnal cortisol, a signature of stress, shows a distinct pattern across groups. observing how 
its pattern changes in transitioning Emerging Adults may inform how stress manifests itself 
in adulthood and how that pattern may differ based on changes in education, income, and 
race. Identifying how common SES variables may influence that change are important when 
considering health and psychological risks posed by stress in young adults.  
The following section will discuss the unique effects of stress and cortisol during 
emerging adulthood and why it is essential to understand underlying mechanisms, such as 
race and variables of SES, that may influence psychosocial health outcomes in this specific 
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population. This includes psychosocial influences of cortisol and stress, a brief review of the 
psychopathologies and health issues associated with stress, racial and SES differences in how 
the health risks are distributed, and social buffers that may protect against the effects of stress 
during emerging adulthood.  
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CHAPTER 3.   THEORY 
Biopsychosocial Theory 
Biopsychosocial theory posits that the health of an individual is not limited to one 
facet of biology, psychology, or social standing (George and Engel 1980). This theory is 
important to understanding the variability in cortisol between groups and the mechanisms 
behind why these changes occur. Engel’s theory may say that outside biological 
characteristics can change behavior, behavior or biological traits can change the way social 
indices interact with the individual, and those interactions can change the biological 
components of the individuals. This concept of biological, psychological, and social aspects 
all functioning together to influence an outcome, in this case differences in cortisol output, 
can be grounded in the literature of stress. 
Embedded Biology 
Certain components of cortisol and HPA-axis functioning may be influenced by 
maternal psychosocial characteristics such as stress (Mulder et al. 2002), depression (Huot et 
al. 2004; Brennan et al. 2008), and even medications used to treat depression (Pawluski et al. 
2012). There is also evidence of heritability in both waking and diurnal cortisol patterns 
(Bartels et al. 2003; Linkowski et al. 1993) outside of maternal characteristics. These prenatal 
components would fit into the Biosocial concept of an individual being unable to parse away 
“preset” biological components. These influences on HPA-activation have behavioral and 
neuroendocrine ramifications such as frontal limbic development and withdraw behavior 
(Buss et al. 2003), responses to acute stress (O’Connor et al. 2013), and reactions during 
maternal separation (de Weerth, Buitelaar, and Beijers 2013) and general behavior patterns 
(de Weerth, Buitelaar, and Beijers 2013) as early as infancy.  
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Alterations in the HPA continue as children age; whereas temperament in toddlers 
(Gutteling et al. 2005), differences in pre-adolescence cortisol (O’Connor et al. 2005), and 
adolescent stress response (Bosch et al. 2012; O’Donnell et al. 2013) all can be associated 
with psychosocial maternal influences.. These prenatal effects also have a profound impact 
on emerging adulthood HPA regulation (Entringer et al. 2009). There is also evidence of 
indirect effects of prenatal cortisol on older adult behavior that can be extrapolated from 
psychopathologies developed during adolescence and emerging adulthood (A. R. Tyrka et al. 
2016; Audrey R. Tyrka et al. 2012; Skinner et al. 2011; Walker, Walder, and Reynolds 
2001). All this is to say that the biology of stress and cortisol is something that not only “gets 
beneath the skin” but also embeds itself throughout the lifespan. However, as the 
Biopsychosocial model stresses, biology does not account for every aspect of stress. 
Embedded Experiences 
Experiences of early life stressors (DeSantis et al. 2007; Ruttle et al. 2015) and social 
support (Dumont and Provost 1999; Unger et al. 1998)  can influence stress outcomes in 
youth (Herman et al. 2016). One well documented study that illuminates the impact 
psychosocial indices can have on adverse outcomes of childhood stress is the Bucharest 
Early Intervention project. In this study 208 Romanian children were followed over several 
years during a randomized control trial to receive high quality enriched foster care or 
continued institutionalized care (Zeanah et al. 2003). The project was designed to examine 
whether the effects of institutionalized (inadequate) care and abandonment could be 
mitigated by high quality care (Smyke et al. 2009). While data is ongoing, thus far, this 
research has shown marked improvement in cognition (Pechtel and Pizzagalli 2011; C. A. 
Nelson 2007) and less blunted HPA axis response to stressors in the fostered children 
(McLaughlin et al. 2015). Other studies of post-institutionalized child inventions, specifically 
16 
aimed at relationship formation in foster kids, have been shown to lower behavioral problems 
(Dozier et al. 2006). Furthermore, studies exploring social indices, such as infant-mother 
attachment, can moderate the effects of prenatal cortisol on infant cognition (Bergman et al. 
2010). These studies indicate the importance of psychosocial variables on the impact of the 
HPA axis. More importantly they suggest that during malleable periods of development these 
interactions can influence, for the better, the detrimental effects of cortisol. It also provides 
evidence to biopsychosocial theory that biology is not the only factor in many outcomes 
related to stress. 
While this literature focuses on early development, these finding can be extended into 
emerging adulthood. This developmental stage continues to be a time of heightened social 
vulnerability, intense neuroendocrine transitions, and neural changes that intersect with 
psychosocial processes (Dahl 2004). A wealth of evidence suggests that biopsychosocial 
theory is an ideal framework as it emphasizes that biology is not the only influential factor in 
many outcomes related to stress, including biomarker outcomes. Though complex, models 
that explore cortisol should attempt to encompass social as well as psychological influences 
that are known to influence the HPA system. More importantly framing this theory over time 
introduces a novel approach to how social changes impacts with-in and between person 
development as they enter adulthood. 
Adaption and Wear and Tear: Two Theories of Stress 
Though models that explore cortisol should attempt to encapsulate the psychological, 
social, and biological effects on cortisol- exploring such a complex variable must also be 
ground in mid-level theories that attempt to explain how and why these changes manifest. 
Two such models that attempt to do so are the Adaptive Calibration Model (ACM) and the 
Allostatic Load theories of stress. The next section will give a brief review of these models.  
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The Adaptive Calibration Model 
The Adaptive Calibration model posits that there are three primary biological 
functions of the stress system: to organize the response to physical and psychosocial 
challenges, to cipher and distill the social and physical environment faced by an individual 
and mediate their receptiveness to the information, and the regulate the response of the 
individual to this information. This regulatory response may involve coordinating risk taking 
behaviors, defensive behaviors, learning, attachment and even reproductive functioning (Del 
Giudice, Ellis, and Shirtcliff 2011). In line with the current research the model is an 
evolutionary life history take on the developmental response to stress across the lifespan. The 
juxtapose of this model is that an individual's stress responsivity is mainly the result of 
conditioned adaptation (Del Giudice, Ellis, and Shirtcliff 2011). This is important because it 
posits that a person’s biopsychosocial sphere (i.e. diet, genetics, family investment and prior 
experiences) comes together to create a customized biological response to environmental 
context. Succinctly, in relationship to our model, an emerging adult’s stress response is 
unable to be dissolved from prior psychosocial experiences (i.e. with discrimination) or 
biological influence (i.e. maternal prenatal health, genetics). More importantly the ACM may 
indicate that in doing so, it risks altering the stress response system’s ability to function in an 
individual’s unique environment.  
This adaptation does not come without cost. When calibrating to a hostile, highly 
stressful, or neglectful environment the HPA axis may in turn elicit overly aggressive (van 
Goozen et al. 2007), callous (Shirtcliff et al. 2009), or anxious (Van den Bergh et al. 2008) 
reactions in normative social situations. Adaptation may also result in greater risk taking 
during adolescence  (Ellis et al. 2012). Like the biopsychosocial approach, the model is 
complex, perhaps even more so because of the added longitudinal nature of its design. The 
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ACM is also critiqued because not only does the adaptation to a stressful environment 
produce social disadvantages (Frankenhuis and Del Giudice 2012) but it may also take a toll 
on the physiological health of the individual. However, this argument has been countered as 
the adaption of the HPA-axis being a trade off to the evolutionary and social benefits of 
adapting to one's environment (Ellis and Del Giudice 2014). 
Allostatic Load 
The second theory that will be used to inform the study is Allostatic Load. This 
theory is also rooted in evolutionary psychology, but more clearly emphasizes detrimental 
health outcomes associated with stress. This model posits that while the HPA-axis has both 
protective effects that are important to psychophysiological allostasis (bodily response to 
stress) and homeostasis (equilibrium), chronic long-term activation of the system results in a 
host of maladaptive psychological and physiological health outcomes (McEwen 2000). In 
essence, the theory’s author puts forth the notion that long-term stress is in itself the 
antithesis of health and the scourge of disease (McEwen and Stellar 1993; McEwen 1998). 
This model emphasizes a deficit -as opposed to adaptive- approach to stress. This is of 
importance to the current study because of the replicable differences in between race cortisol 
patterns.  
Allostatic Load, may explain racial patterns in young adults (Skinner et al. 2011) and 
while the evidence for health disparity differences between Blacks and Whites (Cohen et al. 
2006; Hajat et al. 2010; Jackson, Knight, and Rafferty 2010) further supports the model, a 
gap of knowledge exists in whether Allostatic Load patterns are persistent as biopsychosocial 
structures change. Knowing what causes changes in patterns of cortisol may lead to 
indicators of resiliency (Ong et al. 2006) that can prove to be protective measures from stress 
(Ellis et al. 2017).  
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Exploring whether the effects of Allostatic Load are persistent across time may inform 
whether some effects of stress are flexible enough to be recalibrated over time. 
Buffering and Weathering Hypotheses 
The reduction or protection against the impact of stress is buffering (Cohen and Wills, 
1985). Buffering is traditionally and most often relegated to constructs of social support 
(Cohen et al. 1985; Cohen and McKay, 1984). This includes studies that explore spousal 
support (Aryee, Luk, Leung, and Lo, 1999), parental support (Hostinar, Johnson, and 
Gunnar, 2015), and occupational stress (LaRocco, House, and French, 1980; Newton and 
Teo, 2013). Endocrine measures, including oxytocin a hormone associated with social 
support, lends credence to direct biological underpinnings of cortisol buffering (Heinrichs, 
Baumgartner, Kirschbaum, and Ehlert, 2003). However, though studies that explore SES and 
cortisol are prevalent (Kunz-Ebrecht, Kirschbaum, and Steptoe, 2004) there is very little 
research that focuses on buffering models of income and education on biomarkers of stress, 
such as cortisol.  
It is possible that income and education may act as a buffer of stress. However, I 
propose in the current text that education and income may act as both a source and buffer of 
stress. Conversely, the hypothesis of weathering, or the accumulative effects of 
socioeconomic pressures and prolonged racial discrimination, posits that over time the health 
consequences of being a minority group may exasperate the “wear and tear” of stresses effect 
on health (Geronimus 1992). Specifically, the weathering hypothesis suggests that being a 
minority group adversely effects health. Furthermore, it may also be able to frame 
relationships between factors that are considered buffers against stress such as income and 
education. Succinctly, discrimination in Eurocentric educational environments and upper 
income occupations may contribute to stress in certain minority groups. 
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CHAPTER 4.  WHAT IS EMERGING ADULTHOOD: WHY DOES CORTISOL 
MATTERS IN THIS DEVELOPMENT STAGE AND CHANGE OVER TIME? 
What is Emerging Adulthood? 
Emerging adulthood focuses on the developmental period between the ages of 18-25. 
It is a unique time both socially and biologically (Dahl 2004), marks the tail end of 
adolescence and puberty for most youth, and begins the transition into adult independence 
(Arnett 2014). Social obligations and changes, increased social freedom, and newly gained 
independence (Furlong and Cartmel 2006) can also make the period of emerging adulthood a 
time of marked stress (Meadows, Brown, and Elder 2006; Sax 1997; Asberg et al. 2008). 
Though effects of stress are prevalent early in life (O’Connor et al. 2013; A. B. W. Fries, 
Shirtcliff, and Pollak 2008), during emerging adulthood stress and resilience may be crucial 
to the development of healthy psychosocial functioning (Ong et al. 2006). This important 
transitional junction makes emerging adulthood a key period for longitudinal models that 
explore stress and cortisol. 
Why does Cortisol Matter? 
Alongside stress, risk taking (Worthy, Jonkman, and Blinn-Pike 2010; Gardner and 
Steinberg 2005) is also fairly normative during this developmental state (Dahl 2004). 
Behaviors such as excessive alcohol consumption (Hawkins, Catalano, and Miller 1992; 
Rutledge and Sher 2001) and risky sexual activities (Pharo et al. 2011; Quinn and Fromme 
2010) are associated with early life stress and HPA patterns (Adkins, Wang, and Elder 2009; 
Shonkoff et al. 2012; Hostinar and Gunnar 2013). Importantly, this behavioral risk is not just 
limited to adolescence and emerging adulthood, but instead this heightened level of stress 
and behavior is manifest beyond both developmental stages. It is critical to understand the 
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mechanisms that magnify individual differences in developmental outcomes and facilitate 
how stress “gets under the skin” of Emerging Adults as they transition to independence.  
Emerging adulthood is an important fork in mental health (Schulenberg, Sameroff, 
and Cicchetti 2004). Specifically, pathologies related to HPA activation such as depression 
(Gold and Chrousos 2002), anxiety (Schiefelbein and Susman 2006), aggression (Brown et 
al. 2008) , and schizophrenia (Walker, Walder, and Reynolds 2001) often manifest shortly 
before and even during emerging adulthood. Research has identified factors that affect 
mental and physiological health outcomes in youth such as income (Newacheck et al. 2003; 
Gresenz, Sturm, and Tang 2001) and education (Cutler and Lleras-Muney 2006; Mazumder 
2008) which both experience major transitions during emerging adulthood. Furthermore, race 
can often act as a mitigating factor in the relationship between stress related mental and 
physical health (D. R. Williams et al. 1997) making it imperative that models exploring 
psychosocial and physiological health in Emerging Adults disentangle race from variables 
that make up SES. Finally, Emerging adulthood gives us a unique opportunity to catalogue 
rich, rapid, and longitudinal biopsychosocial transformations over an important transitional 
period between adolescence and adulthood. 
Why is it Important to Explore Change Over Time? 
A longitudinal approach is also important within developmental research because it 
allows for analysis that can look at within and between racial group differences. Given that 
cortisol is highly influenced by race (DeSantis et al. 2007) and SES (Hajat et al. 2010), it is 
difficult to interpret comparisons between White and Black youths. Concisely, the difference 
in cortisol between White and Black youth may be so extreme that subtle nuances from 
longitudinal change in income and education may be washed out by race. Longitudinal 
analyses allow for examination of within-group effects of SES variables that track individual 
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change across time. This approach can inform whether change in income and education 
differentially influence cortisol levels and diurnal rhythms across racial groups.  
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CHAPTER 5.  PSYCHOSOCIAL INFLUENCE OF CORTISOL IN 
YOUTH/EMERGING ADULTS 
Discrimination 
Who experiences discrimination? 
In the United States, discrimination is not limited to race and ethnicity. This 
experience can be driven by gender (Perry, Harp, and Oser 2013; Abrams 1989), religion 
(Jasperse, Ward, and Jose 2012; Rippy and Newman 2006; Liebkind and Jasinskaja-Lahti 
2000), sexuality (Almeida et al. 2009; Pilkington and D’Augelli 1995; Nadal et al. 2011), and 
financial status (Baum, Garofalo, and Yali 1999; Adler and Ostrove 1999). Specific to the 
study of Emerging adulthood, young age has also been suggested to contribute to 
discrimination in African American and Caribbean youth (Seaton et al. 2010). In a study 
where the majority of participants were White youth, there was also a perception of 
discrimination by age amongst college-aged adults (Garstka et al. 2004).  These multiple 
avenues of discrimination indicate that being in a majority of one group does not make an 
individual immune to discriminatory experiences in other facets of life. Furthermore, 
multiple avenues for discrimination also may indicate that an individual experience layers of 
derogatory engagements. This can make stress brought on by discrimination a cumulative 
effect. This intersectionality of discrimination -or multiple avenues of discrimination- 
(Shields 2008; Purdie-Vaughns and Eibach 2008) is an important consideration because both 
Black and White youth may experience different levels of stress and thereby cortisol patterns 
due to variables outside of race. However, whether other avenues of discrimination hold a 
greater influence on stress over race is also important to the study of between and within 
group cortisol differences. 
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Race, Discrimination, and Stress  
Evidence of stress differences due to race discrimination are present in both youth 
(DeSantis et al. 2007) and adults (O’Brien, Tronick, and Moore 2013). Furthermore, the 
effects of discriminatory practices due to race are present as early as infancy and prenatal 
stages. This includes infant birth weights (Collins and David 2009), preterm birth (Mulder et 
al. 2002; Rankin, David, and Collins 2011), and infant cortisol levels (Thayer and Kuzawa 
2015). This makes stress related to race a multigenerational effect (Goosby and Heidbrink 
2013) that can be present due to both individual and parental experience of stress. Though 
Caucasians, at an early age, report experiencing discrimination due to race (Fisher, Wallace, 
and Fenton 2000), there is little evidence that links their experiences to biological measures 
of stress (Skinner et al. 2011). However, in African American populations the connection 
between racial discrimination in stress is evident in a wide variety of health outcomes (Mays, 
Cochran, and Barnes 2007), hormonal measures of stress (Hajat et al. 2010), and self-report 
stress measures (Lewis et al. 2011). Furthermore, evidence suggests that the developmental 
stage of emerging adulthood is muddled by the unique disparity of minute and institutional 
discrimination (Sellers and Shelton 2003). Though White youth do encounter some of the 
same health disadvantages experienced by African Americans under conditions of 
discrimination due to socioeconomic status (Chen, Martin, and Matthews 2006), African 
American youth experience multiple layers of social stress when race and SES intercept.  
Despite the fairly robust evidence that stressors associated with race are precursors of 
mental and physiological health disparities in African Americans, there is much debate on 
whether it is race as a biological (Patrinos 2004; Jorde and Wooding 2004; Navarro 1990) or 
social (Smedley and Smedley 2005) construct that contributes to stress related health 
disparities. Proponents of the biological root of race differences cite evidence from the 
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human genome project which found evidence of racial susceptibility to hypertension and 
diabetes (Adeyemo et al. 2009). Hypertension and diabetes are two stress associated diseases 
(Peyrot, McMurry, and Kruger 1999; Lloyd, Smith, and Weinger 2005; Reynolds et al. 2010; 
Whitworth et al. 1995; Hammer and Stewart 2006; Kelly et al. 1998; Livingston 1993) that 
are higher in African American than in White youth (Lackland 2014; Signorello et al. 2007) 
even when controlling across similar economic groups. On the other hand, proponents of a 
social effect of health disparities note diabetic issues are not as prevalent in regions of Africa 
where African Americans share genetic patterns, even when accounting for BMI (Cooper et 
al. 1997). This can also be seen in the case of hypertension (Cooper, Rotimi, and Ward 1999) 
which suggests that factors outside of genetics and biology must be considered when 
examining health disparities related to stress in African Americans. 
These are important considerations when discussing the inherent differences in 
cortisol levels of African and White youth. Though it is possible that cortisol as a 
measurement of stress may be biologically inherent in certain racial groups, this research as 
well as others, proposes that psychological and physical health issues linked to stress are also 
heavily influenced by factors outside of race such as cultural (Zeiders, Causadias, and White 
2018) and social influences. Thereby, it is important to include variables outside of race that 
may influence cortisol levels in Emerging Adults and to emphasize, in conceptual models, a 
wealth of evidence that suggests differences in cortisol levels in diverse samples of Emerging 
Adults are not strictly biological. 
SES, Discrimination, and Stress 
Stress due to discrimination is not relegated to race alone. Systemic and day to day 
perceived stress are prevalent in both low (Watson, Logan, and Tomar 2008) and high 
income groups (Redmond et al. 2013). These relationship can also interact with a person’s 
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race (Schmeelk-Cone, Zimmerman, and Abelson 2003) and gender (Kunz-Ebrecht, 
Kirschbaum, and Steptoe 2004). However, few studies have attempted to break down the 
components of SES to parse apart what matters most to cortisol patterns and whether this 
relationship differs within and between different racial groups. Both high and low SES 
groups experience stress but it is unclear if SES status can affect stress due to racial 
discrimination. More importantly, there is little consideration of whether different 
components of SES, such as income and education, interact with cortisol levels associated 
with race and racial discrimination differently. 
Education 
Education, another gauge of SES also has important influences on cortisol. 
Specifically, mother’s educational levels are associated with cortisol levels in children (S. J. 
Lupien et al. 2001, 2000). This trend continues into adulthood whereas education moderated 
the effects of reactive cortisol during laboratory stress tasks (Fiocco, Joober, and Lupien 
2007) and modified negative relationships between cortisol and body mass indices (Daniel et 
al. 2006). More recent research has found lower awakening cortisol levels in those with less 
education and suggest that this indicates no association between chronically elevated cortisol 
and lower education levels  (Dowd et al. 2011). Similar studies that have looked directly at 
the relationship between race, education, and cortisol have found that both White youth and 
African Americans with higher education levels display greater waking levels of cortisol 
while highly educated White youth displayed a steeper awakening slope as compared to 
highly educated African Americans (Bennett, Merritt, and Wolin 2004). Bennett and 
colleagues found the most blunted cortisol awakening response were found in African 
Americans with low education levels.  
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Current research suggests a relationship between cortisol and education levels exists 
but are not consistent in findings across and within racial groups. One reason for this 
discrepancy of findings may be indicative of cultural and familial influences on working 
class and first-generation student experiences of college education (Covarrubias and Fryberg, 
2015; Jury et al., 2017). There are some findings which suggest that first generation students 
undergo greater stress than others because of a cultural mismatch with University norms 
(Stephens et al. 2012) while others show greater experiences of discrimination and racially 
related trauma in minority groups attending college (Pieterse, Carter, Evans, and Walter, 
2010). Furthermore, studies that looked at infant mortality rates in Black and White college 
educated mothers found that African American infants born to college educated mothers had 
lower birth weights and higher mortality when compared to college educated White mothers 
(Schoendorf et al. 1992). This could indicate that, for certain racial or class groups, education 
may not act as a buffer against some stress associated outcomes. This is an important 
consideration when observing how SES affects the cortisol profiles of diverse Emerging 
Adults. 
Income: Monetary Support 
An important facet of SES that may affect cortisol outcomes is income. Lack of 
income (Serwinski et al. 2016; Santiago, Wadsworth, and Stump 2011) or even high income 
levels (Redmond et al. 2013) can both contribute to stress. However, there is evidence that 
though both extremes have higher reports of perceived stress, only lower income groups 
experience higher ratings of negative health outcomes that are associated with stress, such as 
coronary heart disease (Redmond et al. 2013). Income can also affect access to quality health 
care (Fiscella et al. 2000), the safety of an individual's environment (Karb et al. 2012; 
Janusek et al. 2017), and access to resources such a food and shelter. All of these factors can 
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cause increases in stress levels (Pickett and Pearl 2001; McEwen and Seeman 1999). What is 
not clear is whether high or low levels of income effect racial groups differently and there is 
some evidence that race may act as a buffer against income associated cortisol levels. Some 
of these discrepancies may be due to variables of SES acting as both a stressor and a buffer in 
certain groups. 
Though Emerging adulthood may be fraught with heightened stress due to rapid 
change, it is also a unique time in which those in the age group may still be tethered to 
sources, such as income, that can buffer against the impact of stress. However, as with 
education, some variables may only act as such for certain groups. One buffer of stress, 
which can also act as a source of stress, is financial resources.  Relevant to income, these 
financial resources are not limited to money and may come in the form of tuition payments 
and housing (Rosenzweig and Wolpin 1993; K. Fingerman et al. 2009; K. L. Fingerman et al. 
2012).  
Both Black and White youth may receive financial support from their parents, 
however, there are certain nuances between the groups in how this income support manifests. 
There is evidence that minority groups are less likely to leave home during emerging 
adulthood and are also more likely to move back into family homes after leaving than their 
White counterparts (Lei and South 2016). These residential transitions coined as the 
boomerang effect (Mitchell 2006) are considered in many studies a buffer against financial 
stress for young adults (Parker 2012) and at times even a source of parent-child bonding (J. J. 
Arnett and Schwab 2013). However, this may not be static across all racial or even cultural 
groups (Lee and Aytac 1998).  Though there are studies on the concept of familismo in 
Latino families (not leaving home because of a need to financially support their family)  
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(Turcios-Cotto and Milan 2013; Center 2009) little research exists on why Black youth move 
back in with parents more than their White counterparts. 
The construct of income, and the multigenerational meaning of income, continues to 
show race-related differences beyond emerging adulthood which also suggests that, within 
emerging adulthood, the construct of income must be carefully constructed. In a middle-aged 
adult sample, Black adults financially supported their parents more than White adults (K. L. 
Fingerman et al. 2011). This same study also found that White adults were more likely to 
continue to receive support from their parents. Another study found that Black youth were 
also less likely than White youth to receive financial support from their parents (Lee and 
Aytac 1998). These studies indicate that in certain groups the parent-child monetary and 
financial exchange may be bidirectional or in the case of older Black adults and Latino 
families, one sided towards the parent. This could mean that financial interactions with 
parents may act as a buffer for one group while being a source of stress for another. 
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CHAPTER 6.  THE PRESENT STUDY 
The presented model examines SES over time as a dynamic predictor of cortisol, as 
well as race differences in cortisol and the intersection of SES and race in prediction of 
cortisol. Delving into changes in cortisol rhythms is difficult to explore when attempting to 
parse apart race and SES with most studies using various statistical methods in order 
disentangle race and SES (Mcilvane 2007). It is important to do so because the effects of 
race, SES, and cortisol are all significant predictors of a wide range of adverse health 
outcomes across the lifespan, yet it is still unclear whether race itself causes cortisol change 
or other SES related variables.  
Aligned with Allostatic Load models, evidence of purely biological racial differences 
in cortisol output would indicate that there is an implicit health risk inherent in being African 
American. An ACM approach might consider that differences in cortisol output may act as 
conditioned guarding against chronic wear due to outside variables such as socioeconomic 
stress. The ACM model is an important consideration for racial studies because this may 
mean that Whites and Blacks experience the “same” amounts of stress due to social and 
psychological influence differently. Understanding these different experiences may mean that 
it is not possible to truly compare cortisol output across race, thereby motivating future 
studies to focus on within-race analysis and exploration. Furthermore, understanding how 
changes in these variables may affect diurnal cortisol over time, by providing insight on how 
and whether diurnal cortisol adaptations is a fixed or malleable construct, may indicate 
variables capable of eliciting positive or protective adaptations to stress. 
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Aims and Hypotheses 
My first aim is to examine whether cortisol and its diurnal rhythm were moderated by 
income. In addition to a main effect of race on cortisol and its diurnal rhythm, I hypothesize 
that income will moderate the relationship between race and cortisol. An exploratory 
hypothesis is that high income groups, will show larger race differences in cortisol and its 
diurnal rhythm as compared to the other income groups. The aims will examine both 
household income levels and youth income levels. These hypotheses are grounded in both the 
literature of buffering and weathering.  
Geronimus posits that because of the overall social constructs of discrimination 
towards African Americans, measures associated with health will show negative outcomes. If 
correct, considering that low levels of waking cortisol (E. Fries, Dettenborn, and Kirschbaum 
2009) and flatter diurnal patterns (Dmitrieva et al. 2013) are considered less healthy, Black 
youth should display less healthy cortisol patterns than White youth. Prior literature (Cohen 
et al. 2006; Hajat et al. 2010; Skinner et al. 2011) has found these patterns in other studies 
that explore cortisol patterns in youth. Furthermore, if income can act as both a buffer or 
cause of stress levels of income should not only have a main effect on cortisol but also, by 
way of weathering hypothesis, have a greater effect on Black youth. By way of buffering, I 
posit that White youth because of the majority status, may show little change in cortisol 
patterns when compared to higher or lower income groups. 
My second aim is to examine whether cortisol and its diurnal rhythm are moderated 
by education. In addition to a main effect of race on cortisol and its diurnal rhythm, I 
hypothesize that education will moderate the relationship between race and cortisol.  
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Should both weathering and prior literature on increased stress in minority groups who attend 
college (Pieterse, Carter, Evans, and Walter, 2010) hold true, Black youth may have less 
healthy responses to the stressors of obtaining a higher education, whereas White youth may 
show little to no change in cortisol levels when obtaining higher educational levels. 
The third aim is a longitudinal analysis of how cortisol and its diurnal rhythm are 
predicted by income or education and whether there are race differences in the impact of 
income or education on the trajectory of cortisol and its diurnal rhythm over time in 
Emerging Adults. This longitudinal approach also explores whether diurnal cortisol patterns 
are affected by changes in predictor variables (i.e., income or education) as participants 
transition through emerging adulthood. Although exploratory, I hypothesize that as income 
increases waking cortisol will increase and as education increases cortisol will decrease. I 
also hypothesize that as income increases diurnal patterns will steepen and as education 
increases the diurnal pattern will flatten, particularly within Black Emerging Adults, this 
hypothesizes that education does not act as a buffer but rather as a stressor for Black youth. 
These hypotheses are ground in both weathering and buffering theories whereas changes in 
income and education, particularly losses income, will pose a greater amount of wear and 
tear on Black youth. Furthermore, these hypotheses all consider that since the current 
population of interest is only beginning to enter early adulthood, moderating effects of both 
income and education will cause moderations based on the flexibility of the HPA-axis in 
youth as posited by the model of Adaptive Calibration. 
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Methods 
The objective of the current study was to explore changes over time in diurnal cortisol 
between and within groups of Black and White youths as they transition across their early 
emerging adulthood. This thesis examines income and education from two waves to predict 
diurnal slopes in emerging adult stages of developments (see aims and hypotheses, below).  
Sample and Data 
Participants 
Participant samples were collected over a 10-year period from the Parents Who Care 
prevention intervention located at Social Development Research group (SDRG) in Seattle, 
Washington. One primary advantage of this dataset is that participants were specifically 
recruited to equally represent White youth and African American youth. Eight waves were 
collected beginning in 8th grade. This study focuses on longitudinal follow-up waves when 
cortisol was introduced as biological stress measures. Biological measures were introduced in 
wave 5 when youth were 20.24 on average (R=18.51-22.89 years) and again approximately 
two years later during wave 7 when youth were 22.05 on average (R=20.45-23.87 years).  
At wave 5, the sample included 331 youth, 46% of whom identified as African 
Americans. Forty-eight percent of White youth and 53% of Black youth identified as 
females. White youth reported higher income than African Americans, with African 
Americans having a higher instance of less than twenty-five thousand in yearly income.  
Only 4% of White youth and 13% of African Americans had completed less than a High 
School degree or GED. Table 1. Lists the gender, mean age, and average education level for 
the final population used in analysis for after accounting for attrition and missing dating.  
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Table 1: Racial descriptives of gender, age, and education 
Differences in Black and White youth Waves 5 and 7 
 Black   White  p 
Gender(Female) 56%  50%  0.33 
Mean Age 20.23  20.24  0.848 
Edu Average 2.7  3.15  <.003 
      
 Black   White  p 
Gender(Female) 54%  48%  0.29 
Age 22.01  22.09  0.319 
Edu Average 3.58  4.36  < .001 
 
Of the 331 original research participants, 312 participants completed cortisol 
collection (94%) which meets higher than recommended thresholds for longitudinal studies. 
In grade 8 collection mean per capita income was $7,807 for African American families and 
$21,970 for European Americans. European American participants also had a far greater 
percentage of parents who graduated college (African Americans 13%, European Americans 
61%, Total sample size to complete college 38%). Participants received a possible total 
amount of $110. Fifty-dollars were collected for completion of the survey and $5 were given 
for each filled collection vial (a possible maximum of $60 for 12 vials). 
Survey and Cortisol Data Collection 
Survey data was completed on a laptop computer and collection took approximately 
50 minutes. Participants completed surveys that asked a variety of demographic and 
psychosocial measures. Household Income was sorted into 6 categories "Less than $25,000", 
"$25,001 to $50,000", "$50,001 to $75,000", "$75,001 to $100,000", "$100,001 to 
$125,000", "More than $125,000", with less than $25,000 acting as a reference point. The 
original questionnaire asked participants “What was your total household income last year?” 
and they were directed to indicate one of the above categories or “I do not know”. To correct 
for skewed distribution the final Household Income variable was coded as 0= Low <24k, 1= 
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Medium Income 25k-75k, 3= High 75K+. After imputation a total of 127 Black and 148 
White youth were used in analysis of household income at wave 5 and 7 (N=277).  
Education was originally coded from 1 to 12 with 1-Some high school or less, 2-High 
School Diploma, 3-GED, Some College-4, 5-Associate’s Degree, 6-Trade/ Technical School, 
7- Bachelor’s Degree, 8-Master’s degree, 9-M.D., 10-J.D., 11-Doctorate/Ph.D, 12-Other. To 
correct for skewness outliers were winsorized to the level Bachelor’s Degree.  
For salivary cortisol collection, participants were given 12 vials, freezer packets, daily 
diaries, and instructions on how to collect and store saliva samples. Participants selected their 
preferred reminder method (text, email, phone, etc) to enhance compliance with saliva 
collection times (Fernandes et al. 2013). A minimum of 1.5 mL of saliva was collected via 
passive drool. Saliva was collected at 4 times points over 3 days for a total of 12 saliva 
samples per wave: (1) upon waking up and before leaving the bed; (2) 30 minutes after the 
initial sample before consuming food or brushing teeth; (3) a minimum of 1 hour after lunch; 
(4) at bedtime, before brushing teeth. Cortisol is stable when frozen and participants were 
asked to store samples in their home freezers. Saliva samples were stored with frozen ice 
packs during transportation and on arrival to the lab they were stored at -80 degrees Celsius 
until assayed. Immediately after each saliva sample, participants were asked to complete 
diary entries to record the time of each sample collection. During this time, they also 
answered questions evaluating demographic, social, and emotional psychological factors. 
Sample collection times were also verified with MEMS caps which record the date and time 
of saliva collection. Sample collection times were coded as military times for statistical 
analysis and all sample times were screened for plausible collection times prior to statistical 
analysis. To account for non-compliant participants who failed to log waking or collection 
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times, missing data was imputed using mixed methods of averaging and nearest neighbor 
imputation.  
 Enzyme-immunoassays were used to measure cortisol in 80μL of saliva. The assay 
used a purified polyclonal anti-cortisol antibody, R4866, provided by C. Munro (U.C. Davis) 
and reference calibrators (Steraloids, cat. no. Q3880). The assay has been validated for use in 
saliva specimens (Tomblingson G, 2005). Results were further validated by comparison to 
commercial kits (Assay Designs, cat. no.900-071). Cortisol was measured in picograms per 
milliliter (pg/mL). As is typical for cortisol data, the distributions were positively skewed. 
Therefore, prior to statistical analysis, cortisol was winsorized and log-transformed (with a 
constant) to normalize the distribution, separately within each wave and day. Final analysis 
consisted of 88% of the original population (N = 292). In total, up to 24 cortisol samples per 
individual representing two waves of data were used for analysis. 
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CHAPTER 7.  RESULTS 
Cortisol 
Level-1 
 Given the inherent nesting of cortisol samples within waves (up to 24 samples per 
individual) and waves within individuals (2 waves per person, N=292 people), a 3-level 
hierarchal linear model was explored in HLM Software Version 7.03 for windows. 
(Raudenbush, S.W., Bryk, A.S, and Congdon, R. 2017).  Descriptive statistics for log 
transformed cortisol at listed below (Table 2). 
Table 2: Descriptive statistics for log transformed Cortisol 
Level 1 Log Transformed Cortisol Outcome and Predictors 
 N Mean St. Dev. Min Max 
Log Cortisol 5749 8.16 0.85 5 10.17 
CAR 5749 0.21 0.41 0 1 
Time Since Waking 5749 5.83 6.32 0 22.33 
TSW2 5749 73.83 104.94 0 498.78 
Wave 7 5749 0.45 0.5 0 1 
TSW x Wave 7 5749 2.66 5.17 0 22.33 
 
Following Hruschka and colleagues (2005), intra-class correlation (ICC) was calculated and 
revealed that 2.84% of the variance in cortisol was stable across waves and individuals, 
(X2(291)=362.69, p <.003), whereas 18.10% of the variance in cortisol varied from wave to 
wave (X2(209)=720.89, p <.003). A total of 79.10% of the variance in cortisol was variable 
from sample to sample and across waves. Although the Level 2 wave was significant, 
subsequent analyses revealed that there were no significant longitudinal predictors of cortisol 
level or slope at level 2.  Neither wave (β = -.02 p .73), age (β = .04 p <.23), nor gender (β = 
.016 p =.69) predicted level 2 cortisol levels or slope. As is common for HLM, this suggests 
that inclusion of a nested level with only two observations (wave 5 and 7) was statistically 
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problematic. Therefore, subsequent models were reduced to a more parsimonious 2-level 
analysis. The final level-model was as follows. 
 HLM:  
Log of Cortisolij = β0j + β1j*(CARij) + β2j*(Time since wakingij) + β3j*(Time since 
waking squaredij) + β4j*(Wave 7ij) + β5j*(Time since waking X Wave 7ij) + rij  
Table 3: Level 1 model variance 
Variance Table 
 ST. Dev σ² DF χ2 p 
Intercept, u0 0.4848 0.23503 205 999.665 <0.001 
time since waking slope, u2 0.05559 0.00309 205 320.454 <0.001 
time since waking squared slope, u3 0.00235 0.00001 205 287.968 <0.001 
wave 7 slope, u4 0.58602 0.34342 205 849.487 <0.001 
time since waking slope, u5 0.04483 0.00201 205 497.501 <0.001 
level-1, r 0.56017 0.3138       
 
CAR 
The two-level hierarchal linear model was conducted in HLM Software Version 7.03 
for windows (Raudenbush, S.W., Bryk, A.S, and Congdon, R. 2017). Log Transformed 
cortisol levels were included as the outcome of interest. At level 1, a base model was 
constructed. A dummy variable for the Cortisol Awakening Response (CAR) was 
constructed in which samples collected between 15 and 45 minutes after awakening were 
coded 1 and all other samples were coded 0. Cortisol was predicted by CAR, (β = .16 p 
<.001), suggesting that cortisol was elevated for the CAR. The variance in CAR was not 
significant (SD = .10, σ²= .01, d.f. =204, χ2=220.68, p <.001), so the CAR was treated as a 
fixed level 1 predictor for all models.  
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Intercept and Time Since Waking 
The level-1 variables were constructed in such a way that the intercept could 
represent the expected level of cortisol upon awakening for an individual at wave 5 (β0). To 
capture the diurnal slope, time since waking (TSW- β2) was constructed as the time of 
sample collection of each individual sample minus the time of day that the individual awoke 
that day; higher scores indicate later collection times. To account for a possible nonlinear 
diurnal slope, time-since-waking-squared was also included. Both TSW (β = -.084 p <.001), 
and TSQ-squared (β = .001 p <.001), were significant, suggesting that cortisol levels decline 
across the day and the drop-in cortisol is steeper in the morning than afternoon hours.  
Time Since Waking Quadratic Term 
The quadratic term remained significant across all models TSW-squared (β = .002 p 
<.001). Again, this indicating an expected diurnal curvature pattern for cortisol present in all 
models. Because of this, the quadratic term was included in all models at wave 5 and used to 
account for the rise in waking morning cortisol and the gradual linear drop the occurs 
throughout the diurnal cortisol pattern. Though there were no specific hypotheses for the 
quadratic term variables of interest were included in base models to test for significance 
before being removed in all parsimonious final models.  
Wave 7 Intercept and Slope: Differentiating between Waves 
Given the longitudinal nature of the data, two variables were constructed to 
differentiate wave 5 and wave 7 cortisol. Wave 7 was a dummy variable where samples 
collected in wave 7 were coded 1 and all other samples were coded 0 (β = .586 p < .001). 
These results indicated a significant difference between waking cortisol in wave 5 and 7. 
Thereby Wave 7 can be interpreted as the trajectory of waking cortisol or the amount of 
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waking cortisol change from wave 5 to 7. An interaction between wave 7 and time since 
waking was constructed so that the diurnal slope could be differentiated in wave 7 as 
compared to wave 5 (β = .044 p <.001). Thereby TSW x Wave 7 can be interpreted as the 
trajectory of diurnal cortisol or the amount of change in diurnal slope from wave five to 
seven.  
Results indicated there was a significant increase in slope between waves 5 and 7. 
This base model was used in all subsequent models for both the best possible estimate of 
waking cortisol and the ability to predict longitudinal changes. Once these five predictors 
were included at level 1 (see table 1, above), the individual differences in cortisol levels were 
highly apparent, ICC=.48, 2(205) =999.67, p<.001, such that 42.82% of the variance in 
cortisol levels was due to stable individual differences in cortisol levels whereas 57.17% of 
the variance in cortisol fluctuated across samples. This ICC is comparable to other studies 
with cortisol (Hruschka, Kohrt, and Worthman 2005; Shirtcliff and Essex 2008). 
Level 2 
Level 1 predictors of cortisol (see table 1) became outcomes of interest at Level 2 
using a “slopes as outcome” approach. To do so, between individual predictors (e.g., race) 
were included on all cortisol outcomes, and then nonsignificant predictors were serially 
eliminated using backwards elimination to arrive at a final parsimonious model. This 
approach was complemented by a top down analytical approach – for example, if an 
interaction term was included in a model (such as race*income), the main effects remained in 
the model (race and income).  
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Similarly, predictors that were of central interest to the hypotheses because they were integral 
to the main hypothesis (i.e. race). There were no specific hypotheses for age or gender and 
neither showed significant effects on any second level variables of interest. Subsequently, 
age and gender were removed from all final models.  
Household Income Differences by Race 
Household Income Variable 
There was a significant difference in household income levels for wave 5 Black youth 
(M= .80, SD= .722) and White youth (M= 1.26, SD=.790 conditions; t (304) = 5.286, p < 
.001 and in wave 7 Black Youth (M= .609, SD= .671) and White Youth (M= 1.012, 
SD=.790); t (304) =4.79, p <.001. Income was included as an ordinal variable to represent 
low, middle, and high-income groups. In addition to this ordinal variable, it is possible that 
being low or high income, respectively, exerts a unique impact on cortisol. 
There was a significant difference for inclusion in the low-income groups for wave 5 
Black Youth (M= .74, SD= .435), White youth (M= .527, SD=.500), t (273) = -3.871, p < 
.001 and wave 7 Black youth (M= .861, SD= .346), White youth (M= .681, SD=.467); t 
(275) =4.5, p <.001. Black youth were significantly more likely to be in the low or medium 
income group. White youth were significantly more likely to be in the high or medium 
income group. Below, Table 4 illustrates the followed results for level-two variables of race 
and income influences on outcomes of cortisol and cortisol trajectory. 
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Table 4: Effects of Race and Household on Cortisol and Cortisol Trajectory 
Effects of Race and Household on Cortisol and Cortisol Trajectory 
 β 
St. 
Error  p-value 
Cortisol Intercept Wave 5, β0    
    INTRCPT2, γ00 8.353 0.093 <0.001 
     Race, γ01 0.093 0.111 0.399 
     Household Income, γ02 0.142 0.059 0.017 
     Race x Household Income, γ03 -0.142 0.087 0.103 
CAR slope, β1    
    INTRCPT2, γ10 0.164 0.022 <0.001 
Time since waking, β2    
    INTRCPT2, γ20 -0.098 0.009 <0.001 
     Race, γ21 0.041 0.010 <0.001 
     Household Income, γ22 -0.001 0.005 0.808 
     Race x Household Income, γ23 -0.012 0.008 0.132 
Time since waking quadratic slope, β3    
    INTRCPT2, γ30 0.002 0.000 <0.001 
Wave 7 Intercept trajectory, β4 *    
    INTRCPT2, γ40 0.342 0.111 0.002 
     Race, γ41 -0.363 0.154 0.020 
     Household Income, γ42 -0.226 0.079 0.004 
     Race x Household Income, γ43 0.269 0.129 0.038 
     Household Income Δ  , γ44 -0.071 0.048 0.135 
     Race x Household Income Δ, γ45 0.082 0.085 0.336 
Time Since Waking x W7 slope, β5 **    
    INTRCPT2, γ50 -0.005 0.009 0.583 
     Race, γ51 -0.005 0.014 0.748 
     Household Income, γ52 0.002 0.007 0.751 
     Race x Household Income, γ53 0.000 0.012 0.991 
     Household Income Δ, γ54 0.005 0.005 0.303 
     Race x Household Income Δ, γ55 -0.013 0.008 0.099 
*Wave 7 Intercept **Wave 7 Slope    
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Race and Household Income on Cortisol and its Diurnal Rhythm at Wave 5 
Wave 5 Intercept 
There was a significant effect of Household income (β = .142 p = .017) suggesting 
differences in waking cortisol patterns between low, middle, and high-income groups. 
Waking cortisol was not significantly different between White and Black youth (β = .093 p = 
.399) nor were there any race by income interactions (β = -.142 p = .103). However, when 
graphed (figure 1), effects of household income differences appear to be driven by White 
youth. 
 
Figure 1: Race and Household Income on Cortisol intercept at Wave 5 
Wave 5 Diurnal Slope 
There was a main effect of race on the diurnal slope of cortisol (β = .041 p <.001) 
suggesting Black youth had flatter slopes than White youth. There was no significant effect 
of income (β = -.001 p = .808) nor race by income effects (β = -.012 p = .132).  
To understand these results finding are depicted in the chart below in which each bar 
represents the diurnal slope (figure 2). As slopes become more negative, the diurnal pattern is 
steeper whereas higher scores (i.e., less negative slopes) on the Y-axis represent a flatter 
diurnal slope. In wave 5, Black Youth show overall significantly flatter diurnal patterns than 
White Youth.  
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Figure 2: Race and Household Income on Cortisol slope at Wave 5 
Race and Household Income on Cortisol’s Trajectory from Wave 5 to 7 
Waking Cortisol at Wave 7 and Cortisol Trajectory 
Next, the HLM models examined whether there were effects of race and income on 
the trajectory of waking cortisol between waves 5 and 7 and the trajectory of the diurnal 
slope between waves 5 and 7. There was an effect of race (β = -.363 p = .020), Household 
Income (β = -.226 p <.005), and an interaction between race and income (β=-.269, p=.038). 
However, there was no effect of the change in income (β= -.071, p=.135) nor 
race*Household Income Δ on the trajectory of waking cortisol. To gauge these results 
finding are depicted in the two charts below which show the trajectory of waking cortisol 
from wave 5 to wave 7 (figures 3 and 4).  
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Figure 3: Black Youth and Household Income on Cortisol’s Waking Trajectory from Wave 5 to 7 
 
Figure 4: White Youth and Household Income on Cortisol’s Trajectory from Wave 5 to 7 
 
These results indicate two distinct patterns that emerge between Black and White 
youth. For White youth there is a clear increasing in waking cortisol from low, middle, to 
high income groups. Furthermore, youth in low-income groups all experience an increase in 
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waking cortisol over time. However, for White youth it is the low-income group members 
who have a decrease in income that experiences the highest rise in waking cortisol. This 
same pattern emerges in White middle-income youth; however, higher income White youth 
all show a decrease in cortisol patterns over time, with those who have increasing incomes 
showing the greatest fall in waking cortisol. 
This contrasts with Black youth who all begin at a relatively fixed waking level of 
cortisol no matter which income group they belong to.  Unlike the White youth, low-income 
Black youth show a drop in waking cortisol over time with the greatest decrease experienced 
by low-income youth who have a decrease in income. Likewise, unlike White youth, Black 
youth in high income groups experience a rise in waking cortisol with those in high income 
groups experiencing the greatest increase in waking cortisol over time. Middle-income group 
Black Youth show similar patterns to middle-income group White youth. 
Diurnal Cortisol at Wave 7 and Diurnal Cortisol Trajectory 
There were no main effects of race (β = -.005, p = .583), Household Income (β = .002 
p = .137), race*Household income (β=.000, p=.991), nor Household Income Δ (β=.005, 
p=.303) on the trajectory of cortisol’s diurnal slope. However, there was a trend level effect 
of race* Household Income Δ (β = -.013 p = .099) suggesting that Black Youth in low and 
middle-income groups showed a flatter pattern of diurnal cortisol over time whether they 
experienced a decrease, increase, or no change at all in income. The greatest amount of 
change occurred in Black low-income youth experiencing a decrease in income. However, 
Black Youth in high income groups showed a steeper pattern of diurnal cortisol whether they 
experienced a decrease, increase, or no change at all in income from wave 5 to wave 7 with 
high-income youth experiencing an increase in income showing the greatest change in slope. 
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In stark contrast White youth showed little change in their trajectory of diurnal 
cortisol suggesting that these results were driven by Black youth. Furthermore, though 
similar patterns emerged in middle income groups White youth in low and high-income 
groups showed an inverse pattern of diurnal activation to Black Youth. Results are depicted 
below in figure 5. 
 
 
Figure 5: Effects of Household Income on the Trajectory of Diurnal Cortisol 
High Household Income Difference by Race 
High Household Income Variable 
A High-Income dummy variable explored the possibility that there was a unique 
impact of being in higher income groups on cortisol. High Income was coded as 0 for low-
income and medium-income groups and 1 for high-income groups. There was a significant 
difference for inclusion in the high-income groups for wave 5 Black youth (M= .235, SD= 
.425), White youth (M= .447, SD=.499), t (304) = 3.993, p < .001) and wave 7 Black youth 
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(M= .137, SD= .346), White youth (M= .316, SD=.346), t (304) = 3.774, p < .001). With 
White youth more likely than Black youth to by in the High-Income group. 
 
Table 5: Effects of Race and High Household Income on Cortisol and Cortisol Trajectory  
Effects of Race and High Household Income on Cortisol and Cortisol Trajectory 
 β St. Error  p-value 
Cortisol Intercept Wave 5, β0    
    INTRCPT2, γ00 8.452 0.064 <0.001 
     Race, γ01 -0.005 0.080 0.951 
     High Household Income, γ02 0.168 0.090 0.062 
     Race x High Household Income, γ03 -0.168 0.149 0.262 
CAR slope, β1    
    INTRCPT2, γ10 0.164 0.022 <0.001 
Time since waking, β2    
    INTRCPT2, γ20 -0.098 0.007 <0.001 
     Race, γ21 0.033 0.007 <0.001 
     High Household Income, γ22 -0.001 0.007 0.932 
     Race x High Household Income, γ23 -0.012 0.012 0.332 
Time since waking quadratic slope, β3    
    INTRCPT2, γ30 0.002 0.000 <0.001 
Wave 7 Intercept trajectory, β4 *    
    INTRCPT2, γ40 0.230 0.079 0.004 
     Race, γ41 -0.215 0.111 0.053 
     High Household Income, γ42 -0.392 0.126 0.002 
     Race x High Household Income, γ43 0.402 0.211 0.058 
     High Household Income Δ  , γ44 -0.189 0.089 0.034 
     Race x High Household Income Δ, γ45 0.219 0.149 0.143 
Time Since Waking x W7 slope, β5 **    
    INTRCPT2, γ50 -0.006 0.007 0.364 
     Race, γ51 -0.005 0.010 0.618 
     High Household Income, γ52 0.007 0.013 0.576 
     Race x High Household Income, γ53 0.020 0.018 0.268 
     High Household Income Δ, γ54 0.010 0.010 0.305 
     Race x High Household Income Δ, γ55 -0.001 0.014 0.963 
*Wave 7 Intercept **Wave 7 Slope    
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Race and High Household Income on Cortisol and its Diurnal Rhythm at Wave 5 
Wave 5 Intercept 
There was a trend level effect of High Household income (β = .168 p = .062) 
suggesting youth in high-income groups had higher cortisol levels (Figure 6). Waking 
cortisol was not significantly different between White and Black youth (β = -.005 p =.951) 
nor were there any race* High Household income interactions (β = -.168 p = .262). However, 
when graphed (figure 6), high-income effects appear to be drive by differences in high-
income White youth who show a much higher waking cortisol than low-income White youth 
and both high and low-income Black youth. 
 
Figure 6: Race and High Household Income on Waking Cortisol at Wave 5 
Wave 5 Diurnal Slope 
There was a main effect of race on the diurnal slope of cortisol (β = .033 p <.001) 
suggesting Black youth had flatter slopes than White youth.  
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There was no main effect of High Household income (β = -.001 p = .932) nor any race by 
income effects (β = -.012 p = .332).  
To understand these results, finding are depicted in the chart below in which each bar 
represents the diurnal slope (figure 7). As slopes become more negative, the diurnal pattern is 
steeper whereas a higher cortisol slope (i.e., less negative slopes) on the Y-axis represent a 
flatter diurnal slope. Results reveal that, in wave 5, Black Youth show overall flatter cortisol 
slope patterns than White youth. 
 
Figure 7: Race and High Household Income on Cortisol Slope at Wave 5 
Race and High Household Income on Cortisol’s Trajectory from Wave 5 to 7 
Waking Cortisol at Wave 7 and Cortisol Trajectory 
Next, the HLM models examined whether there were effects of race and income on 
the trajectory of waking cortisol between waves 5 and 7 and the trajectory of the diurnal 
slope between waves 5 and 7. There a main effect of race (β = -.215 p = .053), Wave 7 High 
Household Income (β= -.392 p < .005), interaction between race* high household income (β= 
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-189, p =.034), and an effect of High Household Income Δ on the on the trajectory of waking 
cortisol (β= -.189, p =.034). However, there was no effect of a race* High Household Income 
Δ interaction (β= .219, p =.143). Results are depicted below in figures 7 and 8. 
 
Figure 8: Black Youth and High Household Income on Cortisol’s Waking Trajectory from Wave 5 to 7 
 
Figure 9: White Youth and Household Income on Cortisol’s Slope Trajectory from Wave 5 to 7 
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As with the ordinal variable of Household Income, High Household Income results 
suggest two distinct patterns that emerge between Black and White youth. For White youth 
there is a clear increasing in waking cortisol between low and high-income groups. 
Furthermore, youth in low-income groups all experiences an increase in waking cortisol over 
time. However, it is the low-income group members who have a decrease in income that 
experiences the highest rise in waking cortisol. Higher income White youth all show a 
decrease in waking cortisol patterns over time with those who have increasing incomes 
showing the greatest fall in waking cortisol. 
This contrasts with Black youth who all begin at a relatively fixed waking level of 
cortisol whether in the lower or high-income group.  Unlike the White youth, low-income 
Black youth show a drop in waking cortisol over time with the greatest decrease experiences 
by low-income youth who have a decrease in income. Likewise, unlike White youth, Black 
youth in high income groups experience and rise in waking cortisol with those in high 
income groups experiencing the greatest increase in waking cortisol over time.  
 
Diurnal Cortisol at Wave 7 and Diurnal Cortisol Trajectory 
There was no main effect of race (β = -.005 p = .618), Wave 7 High Household 
Income (β = .007, p = .576), interaction between race* High household Income (β= .020, 
p=.268), High Household Income Δ (β= .101, p=.305), nor race* High Household Income Δ 
(β= -.001, p=.963). These results reveal that no significant changes in waking and diurnal 
cortisol trajectories occurred between wave 5 and 7 as predicted by high household income 
groups. Furthermore, there were no significant differences in cortisol levels by race or high 
household income group at wave 7. 
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Youth Income Group Differences by Race 
Youth Income variable 
Youth income reflects monetary amounts made directly by Black and White youth. 
Youth Income was coded as 0 = Low< $4,027.00 1 = Mid $4028.00-$10,999, 2 = High>11k 
wave. There was not a significant difference in youth income levels for wave 5 Black youth 
(M= 1.286, SD= .858) and White youth (M= 1.19, SD=.852); t (304) = -.980, p = .327 and 
wave 7 Black youth (M= 1.062, SD= .700), White youth (M= 1.19, SD=.826); t (304) 
=1.485, p =. 139.  
There was a significant difference for inclusion in the low-income groups for wave 5 
Black youth (M= .409, SD= .493), White youth (M= .533, SD=.500), t (304) = 2.067, p = 
.004 and wave 7 Black youth (M= .788, SD= .409), White youth (M= .564, SD=.467); t 
(275) = -4.015, p <.001. Black youth were more likely to be in the low-income group during 
wave 5 but not in wave 7. Table 5 illustrates the followed results for level-two variables of 
race and Youth income influences on outcomes of cortisol and cortisol trajectory. 
 
Table 6: Effects of Race and Youth Income on Cortisol and Cortisol Trajectory 
Effects of Race and Youth Income on Cortisol and Cortisol Trajectory 
 β St. Error  p-value 
Cortisol Intercept Wave 5, β0    
    INTRCPT2, γ00 8.534 0.075 <0.001 
     Race, γ01 -0.093 0.112 0.408 
     Youth Income, γ02 -0.002 0.055 0.978 
     Race x Youth Income, γ03 0.006 0.077 0.939 
CAR slope, β1    
    INTRCPT2, γ10 0.163 0.022 <0.001 
Time since waking, β2    
    INTRCPT2, γ20 -0.110 0.008 <0.001 
     Race, γ21 0.045 0.009 <0.001 
     Youth Income, γ22 0.010 0.004 0.025 
     Race x Youth Income, γ23 -0.013 0.006 0.039 
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Table 6 cont. 
 
Time since waking quadratic slope, β3    
    INTRCPT2, γ30 0.002 0.000 <0.001 
Wave 7 Intercept trajectory, β4 *    
    INTRCPT2, γ40 0.061 0.092 0.512 
     Race, γ41 -0.157 0.167 0.346 
     Youth Income, γ42 0.015 0.071 0.836 
     Race x Youth Income, γ43 0.069 0.123 0.576 
     Youth Income Δ  , γ44 0.050 0.044 0.256 
     Race x Youth Income Δ, γ45 -0.057 0.087 0.513 
Time Since Waking x W7 slope, β5 **    
    INTRCPT2, γ50 0.000 0.010 0.964 
     Race, γ51 -0.003 0.014 0.843 
     Youth Income, γ52 -0.003 0.007 0.681 
     Race x Youth Income, γ53 0.003 0.011 0.776 
     Youth Income Δ, γ54 -0.002 0.005 0.740 
     Race x Youth Income Δ, γ55 0.010 0.009 0.273 
*Wave 7 Intercept **Wave 7 Slope    
 
Race and Youth Income on Cortisol and its Diurnal Rhythm at Wave 5 
Wave 5 Intercept 
There was no effect of race (β= -.093 p= .408), youth income (β= -.002, p= .978), nor 
race by youth income interaction (β=.006, p= .939) on waking cortisol at wave five. This 
suggests that both Black and White youth experienced similar waking cortisol levels in wave 
5 across youth income groups.  
Wave 5 Diurnal Slope 
For the diurnal slope, there was a main effect of race (β=.045, p= <.001), youth 
income (β = .010 p < .001), and a race by youth income effect on the diurnal slope (β= -.016, 
p=.013). This suggests that Black youth in wave 5 had over all flatter slopes than White 
youth outside of the influence of income which was similar to results found with household 
income. Interesting in contrast to household income White youth showed a flatter slope 
patterns as income increased (figure 10).  
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Figure 10: Effects of Race abd Youth Income on Wave 5 Cortisol Slope 
Race and Youth Income on the Trajectory of Cortisol from Wave 5 to 7 
Waking Cortisol at Wave 7 and Cortisol Trajectory 
For the longitudinal trajectory of waking cortisol levels across waves 5 to 7, there was 
no main effect of race (β = -.157 p =.346), Youth income (β = .015 p =.836), race*Youth 
income interaction (β = .069 p =.576), Youth Income Δ (β = .050 p =.256), nor race*Youth 
Income Δ (β = -.057 p =.513) on waking cortisol. This suggests no differences in waking 
cortisol between Black and White Youth for personal income impact on the trajectory of 
waking cortisol. 
Diurnal Cortisol at Wave 7 and Diurnal Cortisol Trajectory 
There was no effect of race (β = -.003 p =.843), Youth income (β = -.003 p =.681), 
race*Youth income interaction (β = .003 p =.776), Youth Income Δ (β = -.002 p =.740), nor 
race*Youth Income Δ (β = .010 p =.273) on waking cortisol.  
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This suggests that both Black and White youth experienced similar diurnal cortisol patterns 
within wave 7 and that there were no significant changes in diurnal cortisol when considering 
youth income. 
High Youth Income Group Differences by Race 
High Youth Income Variable 
High Youth income group was coded as 1 for high income and 0 for medium and 
low-income groups. There was no significant difference for inclusion in the high-income 
groups for wave 5 Black youth (M= .732, SD= .444), White youth (M= .702, SD=.458), t 
(273) = -.541, p = .589 and wave 7 Black youth (M= .788, SD= .409), White youth (M= 
.727, SD=.446); t (275) = -1.177, p =.240. 
 
Race and High Youth Income on Cortisol and its Diurnal Rhythm at Wave 5 
Wave 5 Intercept 
For wave 5 waking cortisol there was no effect of race (β= -.115, p< .190), High 
Youth income (β= -.051, p= .580), nor race*High Youth income interaction (β= .061, p= 
.634). This suggests no differences in on the effects of race and High-income group inclusion 
on waking working in wave 5. 
Wave 5 Slope 
For wave 5 diurnal cortisol there was an effect of race (β= .041, p< .001), High Youth 
income (β= .018, p= .013), and race*High Youth income interaction (β= -.022, p= .045). As 
illustrated in figure 9 results suggest that White youth in higher income groups show a flatter 
cortisol diurnal pattern than White youth in low-income groups while in contrast Black youth 
show very little difference in diurnal pattern between low and high-income groups.  
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Furthermore, Black Youth again display an overall flatter pattern of diurnal cortisol when 
compared to both low and high income White youth (figure 11). 
 
Figure 11: Effects of High Youth Income on Wave 5 Diurnal Cortisol 
 
Race and High Youth Income on Cortisol’s Trajectory from Wave 5 to 7 
Waking Cortisol at Wave 7 and Cortisol Trajectory 
For the longitudinal trajectory of waking cortisol levels across waves 5 to 7, there was 
no effect of race (β = -.094 p =.474), High Youth income (β = .061 p =.614), nor a race* 
High Youth income (β = .013 p =.995). There were also no effects of High Youth income Δ 
(β = .088 p =.296) nor race* High Youth Income Δ (β = -.0128 p =.427) on the trajectory of 
waking cortisol. 
Diurnal Cortisol at Wave 7 and Diurnal Cortisol Trajectory 
There was no effect of race (β = .000 p = .997), High Youth income (β = -.008 p = 
.414), nor race* High Youth income (β = .013 p = .527). Though there was no main effect of 
High Youth Income Δ (β = -.008, p = .414). There was support for a race* High Youth 
income Δ interaction (β = .030, p = .054) on the trajectory of diurnal cortisol. Results suggest 
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an inverse pattern of diurnal cortisol change between Black and White youth groups within 
low-income groups with decreasing income whereas Black youth show a steeper pattern and 
White youth show a flatter pattern; lower income groups with increased change whereas 
Black youth show a flatter pattern and White youth show a steeper pattern; high income 
groups experiencing no change whereas Black youth show a flatter diurnal cortisol pattern 
while White youth show steeper; high income decreasing whereas Black Youth show steeper 
patterns while White youth show little to no change; high income groups increasing whereas 
Black youth show a flatter pattern whereas White youth show a steeper pattern; and finally 
both Black and White youth lower income groups with no change in income showed little to 
no change in diurnal cortisol patterns over time. These results are depicted in figures 12 and 
13 below. 
 
 
Figure 12: Black Youth and High Youth Income on Cortisol’s Diurnal Trajectory from Wave 5 to 7 
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Figure 13: White Youth and High Youth Income on Cortisol’s Diurnal Trajectory from Wave 5 to 7 
 
 
 
Education 
Education Variable 
Education was originally coded from 1 to 4 with 0- Less than a H.S. Education, 2- 
High School Diploma or GED completion, 3- Some College, 4-Associates Degree or Higher. 
There was a significant difference in education levels between Black and White youth; for 
wave 5 Black youth (M= 2.70, SD= 1.255) and White youth (M= 3.15, SD=1.247); t (273) 
=2.961, p = .003 and in wave 7 Black youth (M= 3.58, SD= 1.510) and White youth (M= 
4.36, SD=1.554); t(275)= 4.238, p <.001. Table 6 illustrates the followed results for level-
two variables of race and educational influences on outcomes of cortisol and cortisol 
trajectory.  
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Table 7: Effects of Race and Education on Cortisol and Cortisol Trajectory 
Effects of Race and Education on Cortisol and Cortisol Trajectory 
 β St. Error  p-value 
    
Cortisol Intercept Wave 5, β0    
    INTRCPT2, γ00 8.354 0.131 <0.001 
     Race, γ01 0.193 0.169 0.255 
     Education Wave 5, γ02 0.073 0.048 0.135 
     Race x Education, γ03 -0.121 0.068 0.079 
CAR slope, β1    
    INTRCPT2, γ10 0.163 0.022 <0.001 
Time since waking, β2    
    INTRCPT2, γ20 -0.094 0.014 <0.001 
     Race, γ21 0.029 0.017 0.085 
     Education, γ22 -0.002 0.005 0.700 
     Race x Education, γ23 0.000 0.007 0.971 
Time since waking quadratic slope, β3    
    INTRCPT2, γ30 0.002 0.000 <0.001 
Wave 7 Intercept trajectory, β4 *    
    INTRCPT2, γ40 0.180 0.209 0.389 
     Race, γ41 -0.178 0.263 0.499 
     Education, γ42 -0.047 0.066 0.475 
     Race x Education, γ43 0.054 0.091 0.551 
     Education Δ, γ44 0.020 0.061 0.743 
     Race x Education Δ, γ45 -0.023 0.093 0.803 
Time Since Waking x W7 slope, β5 **   
    INTRCPT2, γ50 -0.005 0.019 0.801 
     Race, γ51 -0.021 0.024 0.385 
     Education, γ52 0.001 0.007 0.837 
     Race x Education, γ53 0.007 0.009 0.477 
     Education Δ, γ54 -0.005 0.005 0.314 
     Eace x Education Δ, γ55 0.014 0.010 0.144 
*Wave 7 Intercept **Wave 7 Slope    
 
Race and Education on Cortisol and its Diurnal Rhythm 
Wave 5 Intercept 
There was no effect of race (β = .193 p =.255) or education (β = .073 p =.135) found 
on waking cortisol levels. However, there was a trend level race* Education interaction (β = -
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121, p =.079). Figure 10 illustrates the race*Education interaction such that results suggest 
that as education increases waking cortisol levels decrease in Black youth but increase in 
White youth (figure 14). 
 
Figure 14: Effects of Education on Wave 5 Waking Cortisol 
Wave 5 Slope 
There was a trend level effect of race (β = .029 p =.085) on diurnal cortisol slope. 
However, there was no effect education (β = -.002 p =.700) nor a race*Education (β = .000 p 
=.971) on the diurnal cortisol slope. Results suggest an over all flatter slope for Black Youth 
than White Youth (figure 15). 
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Figure 15: Effects of Education on Wave 5 Diurnal Cortisol Slope 
Race and Education on the Trajectory of Cortisol Across Waves 
There were no effects of race (β = -.178 p =.499), Education (β = -.047 p =.475), 
race*Education (β = .054 p =.511), Education Δ (β = .020 p =.743), nor race*Education Δ (β 
= -.023 p =.803) on the trajectory of waking cortisol levels nor the trajectory of diurnal 
cortisol for race (β = -.021 p =.385), Education (β = .001 p =.837), race*Education (β = -.005 
p =.477), Education Δ (β = -.005 p =.314), nor race*Education Δ (β = .014 p =.144) between 
waves 5 and 7. These results suggest that effects of race or education on cortisol levels are 
stable between waves 5 and 7 and do not change in impact by wave 7.  
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CHAPTER 8.  DISCUSSION 
The purpose of this thesis was to explore how income or education, two of the 
primary constructs that comprise SES, may impact the relationship between Black and White 
youth and their respective waking and diurnal cortisol patterns. More importantly, this study 
also sought to explore how changes in income or education could influence the trajectory of 
cortisol over time. Our findings suggest that it was not just race or income alone that 
impacted cortisol but instead an interaction between race and income frequently held sway 
on the stress hormone cortisol. Furthermore, there were differences in how household income 
and Youth income sources impacted and interacted with race and its influence on both 
waking cortisol and cortisol slopes. 
I originally posited that income (a social influence) and race (arguably a social, 
psychological, and biological indices) interact differently to impact the HPA axis depending 
on racial group or income level. Therefore, I sought to frame the research in a 
biopsychosocial approach that utilizes the perspective of biological, psychological, and social 
indices to be inseparable when it comes to understanding health outcomes (George and Engel 
1980). Cortisol is a major predictor of both physical (Sephton et al. 2000; Wrosch et al. 
2007) and mental health (Staufenbiel et al. 2013; Shirtcliff and Essex 2008) and, in turn, 
education and income are thought to be major influences on cortisol (Cohen et al. 2006). 
Understanding how these basic demographic factors influence groups differently is important 
to health. Research that looks at cortisol in relationship to basic demographic factors that can 
be influenced by race may want to consider looking at them as complex multifaceted entities 
as opposed to a composited variable of SES relegated to the status of a statistical control. 
Specifically, I use the biopsychosocial approach to frame interpretation of Aims 1 and 2. 
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Furthermore, I also chose to use perspectives of Allostatic Load and ACM models to 
further understand flexibility in cortisol patterns which may help frame differences in 
changes of cortisol pattern over time in White and Black youth when income or education are 
considered. In this longitudinal approach it was prudent to confirm if youth are particularly 
adaptive to HPA-axis change (Del Giudice, Ellis, and Shirtcliff 2011) as they move into 
emerging adulthood or if Allostatic load theory proved more pertinent in that, youth would 
show little movement or “calibration” to change in social structures that might influence 
cortisol output. Therefore, in Aim 3 which focuses on the trajectory of cortisol I use 
Allostatic Load and ACM models to frame the interpretation of my findings. 
Aim 1: Is cortisol and its diurnal rhythm moderated by income and/or race? Wave 5 
Wave 5 Waking Cortisol Household Income and High Household Income 
In support of hypothesis 1, household income had a strong impact on waking cortisol. 
Significant race differences did not emerge suggesting that low, middle, and high-income 
groups may have been driving this mild impact. These results suggest a blunting effect of 
waking cortisol in high income youth. Prior research has found that, in contrast to this study, 
youth in lower household income groups displayed blunted waking cortisol (Skinner et al. 
2011). Importantly, the impact of income does suggest that household income, which may be 
indicative of parental support (Fingerman et al. 2009) plays a role in youth waking cortisol 
levels. Inconsistent with hypothesis 1, waking cortisol did not differ between White and 
Black youth (although, as illustrated below, there were other components of the HPA axis 
that showed race differences). Finally, results also revealed a difference in lower income 
groups verses High Income groups where those in lower income groups showed blunted 
levels of waking cortisol. 
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Although cautious about interpreting null results, it is important to note that these 
results do not converge with literature that finds distinct differences in waking cortisol levels 
between racial groups (Hajat et al. 2010). Collectively, these findings suggest that household 
income matters and for waking cortisol specifically, income overshadowed the influence of 
race. These findings are important because they suggest that household income is protective 
for both white and black youth. 
Wave 5 Diurnal Patterns of Household Income and High Household Income Groups 
Consistent with the idea that cortisol levels and the diurnal rhythm are distinct 
components of the stress axis (Gostisha, et al. 2014), the influence race of was apparent for 
cortisol’s diurnal rhythm. These findings accord with prior studies on the relationship 
between variables that encompass cortisol and race (Cohen et al. 2006; Bennett, Merritt, and 
Wolin 2004) and also support hypothesis 1. Black youth showed overall flatter diurnal 
patterns than White youth. Shifts of races impact on cortisol were largely observed for 
cortisol’s diurnal rhythm which further supports hypothesis 1. These findings were important 
because it showed that in both white and black youth, even though there were racial 
differences, household income held similar directional sway on waking cortisol across racial 
groups.  
These findings suggest that current literature should consider not only looking at 
between group differences in cortisol patterns, but also within racial group differences that 
may show similar or possibly differing patterns in each group. The findings are also 
important because it shows that racial differences in diurnal cortisol impacted wave 5 diurnal 
slope while household income introduced no influence. This gives evidence that the effects 
of race may have a greater impact on overall diurnal cortisol levels and stress than income. In 
short, diurnal patterns were influenced by race but not income. 
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These results persisted even when isolating both high and low-income youth. Black 
youth continued to display an overall flatter diurnal pattern than high and low-income White 
youth. These results are of interest because it suggests that even when isolated, Black youth 
(whether in high or low-income groups) have flatter diurnal patterns than even low-income 
White youth. These results do correspond with the previous work of Skinner and colleagues 
(2011) as well as work that shows blunted levels of waking cortisol in Black racial groups 
(Cohen et al. 2006; Bennett, Merritt, and Wolin 2004; McEwen 1998). However, they also 
do not provide evidence for an impact of income or an interaction between race and income 
effecting diurnal cortisol levels at wave 5 of the sample set. 
Though many studies have observed both race and income differences in the same 
sample group (Hajat et al. 2010), the results of the present study reveal that racial differences 
in cortisol levels were not reduced by the influence of having a high household income. 
Specifically, in the case of diurnal patterns, race mattered more. These results are supported 
by the weathering hypothesis which posits that because of factors specific to Black 
Americans there is an accumulative negative effect on health (Geronimus 1992). In the case 
of the current study these negative effects of health are reflected in diurnal cortisol patterns 
that are present whether Black youth are in low, high, or middle-income groups.  
When compared to White youth of similar household income groups, being Black 
was enough to impact the diurnal rhythm of cortisol above and beyond being in a high 
household income group. However, it is important to continue framing these findings in a 
biopsychosocial framework.  
 
 
67 
Although race appears to show the most impact on diurnal cortisol, as noted in former 
results, income was still able to account for some differences between Black youth in higher 
and lower household income groups in waking levels of cortisol.  
Wave 5 Waking Youth Income and High Youth Income Groups 
There was no indication of difference in low, mid, and high youth income groups 
within or between races. When parsing out the high-income group from lower and mid 
income groups these null findings continued to persist. These results do not adhere to prior 
literature of waking cortisol patterns (Skinner et al 2011) and were in direct contrast with 
household income directional patterns found in this paper’s results. This may suggest that 
household income or parental income plays a more important role in stress than personal 
income and that household income is possibly protective (K. Fingerman et al. 2009; K. L. 
Fingerman et al. 2012). 
Wave 5 Diurnal Patterns of Youth Income and High Youth Income Groups 
Youth income or income specifically earned by youth, had a direct impact on the 
slope of diurnal cortisol. However, race also played a role by changing the way that youth 
income influenced diurnal cortisol. Overall the pattern of Black youth having flatter diurnal 
slopes continued with youth income when parsing race into low, middle, and high-income 
groups. Furthermore, White youth showed a distinct steepening of diurnal cortisol pattern as 
income level groups increased. This same pattern was present in the diurnal cortisol patterns 
of White youth when predicted my household income. In Black youth there were no 
differences in the directional pattern of diurnal cortisol.  
One reason for this may be the way that household income is utilized differs between 
White in Black youth. In other words, for White youth both household income (parental) and 
personal income may have a buffering effect against stress (K. Fingerman et al. 2009; K. L. 
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Fingerman et al. 2012) while only income differences may not contribute to a buffering 
effect in Black Youth. However, it can allow be posited that racial differences overshadow 
any effect of income on diurnal cortisol slopes thereby suggesting the being Black is 
inherently stressful whether in low or high-income groups. This again concurs with theories 
of weathering (Geronimus, 1992); however, the interpretation of these results rests on the 
idea that cortisol’s diurnal rhythm becomes more flattened as the individual accumulates 
more stress exposures (Dmitrieva et al. 2013).  
This pattern continued to emerge when parsing out the high-youth income 
individuals. High and low-income Black youth displayed flatter diurnal patterns than both 
high and low youth income and household income groups. In contrast with household 
income, White youth in higher personal income groups showed flatter patterns than low-
income White youths whereas Black youth again kept relatively static waking cortisol levels 
across both income groups. This is important because different patterns relationships with 
income occurred between White and Black Youth. These results do not neatly fit with prior 
literature (Skinner et al 2011) but instead expands on evidence of distinct racial group 
differences in diurnal cortisol patterns when it comes to low and high youth income levels. 
Furthermore, these patterns differ when placed in the context of Household verses Youth 
Income. 
One reason for this is that household income may be influenced both by the natal 
home’s income as well as the youth’s contribution to their income levels whereas Youth 
income is solely sourced by the youth’s income levels. In emerging adulthood, many parents 
still contribute support, including financial support, to their adult children (Rosenzweig and 
Wolpin 1993; K. Fingerman et al. 2009; K. L. Fingerman et al. 2012). Therefore, these 
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differences may simply indicate that White youth who still were impacted by household 
income were buffered more against income effects of stress. Considering that youth were 
20.24 on average with an age range of 18.51-22.89, if students attended college they may 
have been just beginning, in the mist of college, or newly out of secondary school. In sum, 
many White youth may have still had close financial ties to family which allowed Household 
income and youth income to diverge as predictors of cortisol. For White youth, flatter diurnal 
patterns predicted by youth income may be indictive of them taking on a greater role in 
financial independents outside of the home whereas this transition may not have contributed 
as much to the diurnal slopes of Black Youth. 
Aim 3: Is the trajectory of waking cortisol and diurnal rhythm effected by income 
and/or race? Wave 5 to 7 
Household and High Household Waking Cortisol Trajectory 
Hypothesis 3 examined the longitudinal change in waking cortisol and its diurnal 
rhythm as well as the possible change in income brackets for some youth. Results of the 
cortisol trajectory reveal not only important path in the change of waking cortisol over time 
but also illuminated on details of driving factors in Black youth Wave 5 starting points in 
waking cortisol. Most notable there was a significant difference in the waking cortisol levels 
in low, middle and high-income group White youth but there was no discernible difference in 
the starting point of waking wave 5 cortisol levels in Black youth.  
Succinctly, no matter what the income level was for Black Youth, all waking cortisol 
levels were the same. The findings of White youth correspond with the literature of Hajat and 
colleagues (2010) who found that youth with low socioeconomic status had the lowest 
waking cortisol. However, again this was only supported in White youth. More importantly it 
implies a rigid “Allostatic” set point to the diurnal patterns of Black youth that was not 
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impacted by levels of income. These results lend support to models of Allostatic load 
(Skinner 2011; McEwen & Seeman, 1999). However, not in the context of income.  
Instead income results suggest that between Black and White youth income was not a 
sufficient influence on races impact of diurnal cortisol. 
When looking at the trajectory of cortisol over time lower income White Youth all 
increased in waking cortisol (low-income groups with decreasing income experience the 
most change) while high income groups all experienced a blunting of waking cortisol levels 
(with high income decreasing being the most blunted). This pattern did not translate to Black 
youth, who instead, lent support to current literature in that low-income groups experienced 
drops in waking cortisol (low-income decreasing had the furthest drop in waking cortisol) 
while high income groups experienced increases in waking cortisol (high income groups with 
increasing income had the highest trajected cortisol). These patterns were present whether the 
income groups increased, stayed the same, or decreased in Household income while also 
emerging when parsing out High household income groups.  
When focusing only on the low-income- decreasing groups and the High-Income 
increasing groups in both Black and White youth inverses patterns of waking cortisol 
trajectories emerge.  If current literature is correct and blunted or less waking cortisol is 
indicative of negative stress outcomes, then over time it appears that low-income Black youth 
with decreasing income levels and White high-income groups with increasing income levels 
are most negatively impacted by stress. In contrast, low-income White youth with decreasing 
incomes and high-income Black youth with increasing income experienced positive gains in 
waking cortisol levels. While Black Youth followed similar patterns of waking cortisol 
patterns as Skinner and colleagues (2011) when looking at income changes over time these 
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findings were not replicated in White Youth. This might indicate that “wear and tear” of day 
to day stressors of race and income (McEwen 1998) did not function the same way in Black 
and White Youth.  
Succinctly, this implies that when using Allostatic load as a guiding frame work, 
significant “wear and tear” must be considered as a function of income and race as well as 
their interaction. This is evident by White youth and Black youth who show two distinct 
patterns in waking cortisol in relationship to income. It is important to note that even though 
race, income, and the way in which they function together were significant, there was no 
indication of the influence of race and the change in Household income between wave 5 and 
7. However, when parsing out high-income groups, a change in income proved important to 
the trajectory of waking cortisol. This suggests that being in a higher income group is 
influential on how waking cortisol in Black and White youth is influenced by change in 
income over time. It also implies that models of Adaptation Calibration and Allostatic Load 
are not competing theories but instead may be describing differences in cortisol patterns that 
are unique to individual groups and financial circumstance.  
Youth Income and High Youth Income waking Trajectories 
 There were no findings to suggest that Race, Youth Income, or change in Youth 
income impacted the trajectory of waking cortisol between waves 5 and 7. These results are 
again important because it adds credence to literature that explores the impact of parental 
income on youth (Rosenzweig and Wolpin 1993; K. Fingerman et al. 2009; K. L. Fingerman 
et al. 2012). These findings suggest that during the transition into young adulthood parental 
income may hold a greater influence on waking cortisol than personal income. 
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Household Income/High Household Income Effects on Diurnal Cortisol and its 
Trajectory 
There was no influence of high household Income on the Trajectory of Diurnal 
Cortisol. However, a small Race*Household income Δ effect suggests that Black Youth 
experience a greater levels of diurnal cortisol change as a function of income change. 
Furthermore, as with the trajectory of waking cortisol, many patterns of change were inverse 
to that of White youth in low and high-income groups whether income was increasing, 
decreasing, or remaining the same. Black youth in low-income groups who experienced a 
decrease or increase in household income experienced a major flattening of diurnal slopes 
while White youth showed a slight steepening. These results are similar to literature that 
shows a flattening of cortisol in low-income groups (Cohen et al. 2006; Bennett, Merritt, and 
Wolin 2004; McEwen 1998).  
However, in High household income groups Black youth showed steeper diurnal 
trajectories whether income increased or decreased while White youth in these groups 
showed a flattening of diurnal cortisol trajectories. Black Youth also showed healthier or 
steeper slopes of diurnal activation when in high income groups. In short, as with waking 
cortisol trajectories, Black Youth generally followed the expectations of literature on income 
and cortisol patterns (Cohen et al. 2006; Bennett, Merritt, and Wolin 2004; McEwen 1998). 
Though Black youth in low-income groups who experienced decreases and increases in 
income both showed a flattening of diurnal cortisol (as opposed to just the decreasing group), 
Black low-income Youth experiences less flattening of their diurnal patterns if they 
experienced an increase in income.  
The greatest steepening of diurnal cortisol was found in high income Black youth 
experiencing an increase in income. Again, these results suggest that being White or in a 
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high-income group may act as a type of buffer against stress. However, what is also 
important about these findings is that Black and White Youth experience inverse patterns of 
diurnal pattern changes because of changes in income. This suggests a possible need to 
explore how income influences may work differently within racial groups. Succinctly, it is 
not enough to say that being of a lower or higher-income status broadly influences diurnal 
cortisol patterns the same within Black and White youth. Furthermore, these results indicate 
that both Black and White youth are capable of calibrating cortisol patterns in relationship to 
changes of income over time. 
 
Youth Income/High Youth Income Effects on Diurnal Cortisol and its Trajectory 
The ordinal measurement of Youth income yielded no findings on Diurnal Cortisol 
trajectory. A race*High Youth Income Δ had an important influence on diurnal cortisol 
patterns. In both Black and White Youth low and high-income groups experiencing no 
change in income had the least change in diurnal cortisol from wave 5 to seven. However, as 
with above measures of income, Black and White youth had inverse patterns of diurnal 
cortisol in all groups except for High income youth with decreasing income. Lower Income 
groups of White youth with a decrease in income experienced a flattening of diurnal cortisol 
while Black youth in this category experienced a steeper pattern. High Income Black youth 
experiencing both no change or an increase in income both experienced a flattening of 
cortisol while White Youth in this same category experienced steeper patterns over time. 
This same pattern was also found in Low-income groups with increases in income. 
 Regarding personal youth income, White youth showed patterns that were in sync 
with current literature whereas decreases in income and lower incomes yielded flatter slopes 
(Skinner 2011; Cohen et al. 2006; McEwen 1998) while in Black Youth the same changes in 
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income resulted in steeper slopes. Again, these results indicate a fundamental difference in 
what “gets under the skin” of different groups and further supports individual differences in 
in how diurnal cortisol patterns are influenced by financial stressors. 
Aim 2: Is cortisol and its diurnal rhythm moderated by education and/or race? Wave 5 
 In line with hypothesis 2, higher levels of education in Black youth resulted in 
blunted waking cortisol levels while higher educational levels in White youth resulted in 
higher waking cortisol levels. For White youth these findings correspond with the work of 
Dowd et al (2011) who found blunted waking cortisol levels in youth with lower educational 
levels. However, for Black youth there was a serial decrease in waking cortisol in groups 
with higher levels of income. White youth followed the patterns of higher education 
corresponding with higher waking cortisol as found in the work of  Bennett and colleagues 
(2004) however Black youth displayed a blunting of waking cortisol in youth with higher 
educations. These results support studies that indicate differences in health outcomes of 
Black women with higher education. The findings may also lend support to studies that 
indicate education does not provide the same protective benefits for Black women as it does 
for White women when it comes to health outcomes such as infant prenatal health 
(Schoendorf et al. 1992). Furthermore, some students of color experience a cultural mismatch 
which may influence differences in the way college is experienced for White and Black 
students (Stephens et al. 2012). This may indicate that the educational experience is more 
stressful for youth of color than it is for White youth. 
These findings also suggest it is prudent, in the case of cortisol, that when factors 
such as income and education are relegated to a composite variable, studies may be 
neglecting the important relationships between cortisol and the variables that make up SES.  
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Again, this calls into question whether what qualifies as stressful or protective for one 
individual can be blanketly applied to all groups. 
Aim 3: Is the trajectory of cortisol and its diurnal rhythm effected by education and/or 
race? Wave 5 to 7 
Educational results did not influence the trajectory of cortisol which does not support 
hypothesis 3. However, this may positively indicate that over time Black youth adapted to the 
stressors of higher obtainment of education or that education buffered against cortisol 
changes. This would support theories of youth adaption in the ACM model (Del Giudice, 
Ellis, and Shirtcliff, 2011). In the case of this study, both income and education mattered. 
However, how they mattered appeared to be different for White and Black emerging adults. 
One question that may be explored from this whether, in the case of Black youth, educational 
obtainment is more or less stressful than it is for White youth.  
These findings are important because they may imply that certain daily stressors that 
cause “wear and tear” (McEwen and Seeman, 1999) are not static across or within groups. 
Furthermore, measures that are automatically assumed to be protective should be carefully 
examined. This is not to say that the obtainment of education is not protective, but that there 
may be unique stressors that are present in certain buffers of stress which should be further 
explored. 
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CHAPTER 9. IMPLICATIONS, LIMITATIONS, AND FUTURE DIRECTIONS 
Income and education may not play the same role in protecting against stress in 
different populations. Furthermore, changes in income during the transition into early 
adulthood may be a particularly vulnerable period for young adults. A limitation of the 
current study, that may have further parsed the impact of this rapidly changing time in 
development, was that the study did not fully consider variables unique to young adulthood 
that may act as buffers against educational and income changes. This may include the 
financial relationships between young adults and their parents, whether they receive support 
from their parents, or whether youth currently live with a parental figure.  
This is of interest because it may explain unique patterns in White youth, such as the 
flattening of diurnal cortisol slopes for higher youth income groups. Future studies should 
model how youth earned income and household income may interact with cortisol. The 
findings on education are also impactful because it suggests that Black youth are not 
receiving the protective factors of secondary education early in adulthood. This is relevant to 
educational institutions because it may imply a need for additional support for Black youth 
when transitioning to the role of a college student.  
Limitations of this study may also include the use of HLM to address the hypotheses. 
Though the model adequately captured the change in cortisol within and between both 
waves, a structural equation growth curve model could prove more adequate. This approach 
may allow for more variables of interest and the inclusion of more continuous predictor 
variables. Though being Black or White may have been able to account for factors of 
discrimination, a model that is able to control for and capture instances of perceived 
discrimination (Skinner et al 2011) is important to any future longitudinal studies.  
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Despite these limitations, it is important to note that the nature of the relationship 
between race and cortisol is complex. To untangle this complexity and build a model that 
captures a full biopsychosocial perceptive is an important first step in unraveling SES and 
parsing out what matters most in the relationship between its constructs, cortisol, and race. 
Additional, it is important to understand how those conflated variables matter when it comes 
to cortisol outcomes. In doing so, as presented in this thesis, a literature can be built that 
informs how these variables are dependent on individual differences not only between racial 
groups, but within them as all. The present study has utility for pointing out that when 
studying cortisol, as well as other biomarkers relevant to health outcomes influenced by race, 
relegating measures such as income and education to a single construct may not fully capture 
the importance of these two variables which are themselves impactful on measures of 
cortisol. 
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